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CHAPTER I 
!NTftQPIJCT.QH 
\ 
Decline of sugar maple, Acer saccharum Marsh. , was first 
reported in 1957 from Wisconsin (Houston & Kunte, 1962 ). Kessler 
(1962 ) described the main symptoms as premature leaf coloration and 
leaf fall, usually preceded by chlorotic and sparse foliage. Twigs 
and branches of the upper crown die, with symptoms progressing 
until one-fourth to ona-half of the crown is destroyed. 
Since 1957, dieback of both roadside and woodland sugar maple 
trees has been reported in the Northeastern United States as far west 
as Minnesota and Canada (Hibben, 1964 ). In Michigan, dieback 
appeared to affect a larger percentage of trees each year. In 1958, 
10% of 2,461 sugar maples inspected were injured? in 1960, 20.5% of 
2.134 were injured; in 1962, the proportion of affected trees had risen 
to 27.9% of the 2,152 trees examined (Kessler, 1962 )# 
Massachusetts sugar maple trees have been affected by a similar 
condition, although it is not clear if it is the same one that exists in 
other states. The dieback of forest trees was first noticed by most of 
the growers in 1961, 
Declining trees in Massachusetts show symptoms similar to 
those observed in other localities. Chlorosis and yellowing of the 
leaves of affected trees appears between June and August, followed by 
2 
defoliation of terminal twigs and branches in August or September 
(Fig. 1), Normal leaf coloration and fall occurs in October. Affected 
trees may show marginal leaf scorch that sometimes extends to cover the 
entire leaf. Wrinkled leaves are often observed beginning in June. All 
sizes of trees may be affected. In woodlands, few trees are affected 
and most of them show only a few dead twigs and branches. In a few 
cases, however, half of the crown appears to be dead. Completely 
dead trees are rare. Maple decline in Western Massachusetts occurs 
in spots in woodlands, with usually a small group of trees or even a 
single tree showing symptoms of decline, and surrounded by normal- 
appearing trees (Fig. 2 ). 
Sugar maple trees are highly prized for both their aesthetic and 
commercial value. They are one of our most valuable ornamental trees 
and are a source of maple syrup, sugar and lumber. It has been esti¬ 
mated that there are 12 million sugar maple trees in the State and maple 
products contribute several million dollars to the gross income of the 
State (Noyes & Westing, 1964 ). 
The cause of maple decline is unknown, although many factors 
have been implicated. Insect defoliation, followed by fall frost and 
attack by root pathogens (Houston & Kuntz, 1962 ), accumulation of 
salt used on highways (Lacasse & &ich, 1964 ) and drought conditions 
(Banfield, 1967 ) all lead to dieback and decline symptoms. Wounds, 
such as sun-scald, hail, and branch bending, have been reported to 
Figure 1. A sugar maple tree showing decline symptoms. 
Picture taken in August, 1966 in Charlemont. 
3 
Figure 2. Sugar maple trees in forest showing decline 
symptoms. Note that a few groups of trees 
show yellow foliage. Picture taken in August, 
1966 in Conway. 

5 
predispose sugar maples to premature coloration and leaf fall in Canada 
(Ouellette & Bard, 1963 ). 
Since little is known concerning the cause of maple decline, 
studies were made to determine the possible relationship of nematodes 
to this condition. Similar declines and diebacks of several fruit tree 
species have been shown to be caused by nematodes (Suit & Ducharme, 
IS53 ). In addition, nematodes are known to be vectors of viruses 
£taski & Hewitt, 1963 ), and their association with other disease produ¬ 
cing organisms, such as bacteria or fungi, may increase the severity of 
diseases caused by other pathogens (Pitcher, 1963? Powell, 1963 ). 
The objectives of this study were to determine which plant-para¬ 
sitic nematode species are associated with declining sugar maple trees 
in Massachusetts, to determine their pathogenicity to sugar maple trees, 
to examine the possibility of any soil-born© viruses being involved in 
maple decline, and to investigate the role of nematodes as vectors of 
these soil-borne viruses. 
CHAPTER H 
mmwQFumuwm 
Plant-parasitic nematodes have been reported to be associated 
with trees showing symptoms of decline, but in only a few cases has 
the pathogenicity of these nematodes been demonstrated. HemicvcllQ- 
phora sp, was believed to stunt the root growth of slash pine seedlings, 
Plnus carlbaea Morlet, (Steiner, 1949 ) and to cause formation of galls 
on the roots of rough lemon. Citrus limonla Osbek, because this species 
was found attached to the roots of the affected trees (Van Gundy, 1957 ). 
Crlconemoldes rusticum individuals were seen attached to the roots of 
shortleaf pine, Plnus echinata Mill, and the parasitized root portion 
became necrotic and reddish brown in color (Jackson, 1948 ). The 
author suggests that the foliar decline of pines in the southern pine 
region may be caused primarily by root-invading nematodes. Crlco¬ 
nemoldes sp. is considered to be an important factor in the decline of 
peach trees, Prunus persica L., in Maryland and North Carolina 
(Chitwood, 1949 ). Hoploiatonus corondtus. Moloidera flarldensls, 
Helicotvlenchus nannus. Xlphlnema amerlcanum and. In a few cases, 
Crlconemoldes sp. and Herolcvcltophora sp. were found associated with 
stunted slash and loblolly pine, Plnus taeda L., in Southeastern North 
Carolina (Ruehle & Sasser, 1962 ). Hemlcvcllophora vidua. Hellco- 
.tyjan.shas clhystera, and Hellcotvlenchus ervthrlnae were the most 
abundant nematode species around the roots of pine trees that showed 
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symptoms of little-leaf, whereas populations of americanum were found 
as frequently in diseased as in healthy stands (Ruehle, 1962 ). Xlohinema 
sp. was found to parasitise apple and peach tree roots and was considered 
to be a probable cause of a disease known in West Virginia as “pout”. 
These trees exhibited dieback and their foliage was yellowish-green 
(Adams, 1955 ). Christie found X. americanum associated with extensive 
necrosis and destruction of feeder roots on laurel oak, Quercus lauri- 
folla Michx., in Florida (1953 ). 1# americanum was also found in 
declining orchards and strawberry plantings in many states (Thome, 1961). 
\ 
In Washington, D. C., populations of X. americanum. Hemicvcllophora 
sp. and Helicotvlenchus sp. were observed around the roots of elm, 
Ulrous sp., that had been shedding leaves prematurely for many years 
(Tarjan, 1951). Riffle described a new species of root-knot nematode, 
avails # which produces galls on sugar maple trees in Wiscon¬ 
sin (1963 ). He suggested that this nematode may have contributed to the 
poor condition of a stand of sugar maple trees which grew slowly and 
had sparse, light-green foliage. Stylet bearing nematodes were also 
reported to occur around the roots of sugar maple trees in New Hampshire 
(Lacass® & Rich, 1964 ). The nematodes were not identified. 
Hibben {1964 ) found mostly XlPhinema sp., Halicotvlenchus sp. 
and Ty.iejghus sp. associated with sugar maple trees In New York State, 
but there seemed to be no correlation between dieback and nematodes. 
He suggested that nematodes were not the primary causal agents of the 
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decline. However, the author felt that more sampling was needed to 
study the seasonal variation of nematodes associated with maple trees 
in the State. 
All these reports deal mainly with association of plant-parasitic 
nematodes with trees showing injuries or symptoms of dieback, but 
there are a few studies which demonstrate that these nematodes are 
responsible for the injuries with which they were associated. In only 
a few cases has the pathogenicity of these nematodes been proved in 
laboratory or greenhouse experiments. Ruehle demonstrated that 
Criconemoides xenoplax, Hemicycliophora xidua, Beilcotyl.enchgs 
dlhystera, Tvlenchorhynchus £l&ytonj and IriQhgdoru^ fifcrigfi 
tized pine seedlings and reproduced in the greenhouse (1966 ). The 
host-parasite relationship was considered positive when the numbers 
of nematodes recovered were higher than the original inoculum. While 
these nematodes were associated with root injuries, symptoms are not 
described. The author suggests that these nematodes should be 
studied further to determine their exact relationship to root damage. 
Xiohinema amerlcanum was reported to parasitize spruce, Picea 
puna®ns Engelm. and P. glauca Bailey, in Wisconsin, causing necrosis 
and reduction of root growth in an air-conditioned greenhouse at 20+ 4 C 
(Griffin & Epstein, 1964 ). Four months after inoculation, young root¬ 
lets were swollen and blackened. Root growth was reduced and in some 
cases there was si oughing of the cortical tissue. The number of 
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nematodes recovered at the end of the experiment, however, were never 
equal to or greater than the original inoculum added to the pots. Perry 
(1958 ) studied the parasitism of am erica num on strawberry and 
described the symptoms produced by these nematodes as sunken, red¬ 
dish-brown lesions on the roots. These lesions were all along the 
surface of the root from the tip to the point of origin. They ranged from 
small, mottled ones to large ones enveloping the entire circumference 
of the root. One-hundred hand-picked individual nematodes of 
index put around the roots of grape seedlings, Vltis sp. var. Thompson 
seedless, produced root injuries. Feeder roots were destroyed or exhib¬ 
ited bending, swellings and cortical lesions, and growing points of 
many lateral roots were destroyed (Raski & Radewald, 1958 ). 
Parasitism of jyy?hjtaeg|§ sp. has been confirmed by direct observa¬ 
tions of the nematodes feeding on roots. X. diversicaudatum was 
observed feeding on the roots of soybean. Glycine max var. Banzai, by 
Schindler (1957 ). Fisher and Raski observed index and diversi¬ 
caudatum feeding on roots of seedling grapes, Vltis vlnifera L. var. 
Mission {1967 ). These species fed at the root tips causing galls. 
When feeding took place on only one side of the root tip, galls were 
restricted to one side. 
The nematode species mentioned and known to occur around roots 
of trees are mostly ©ctoparasitic and since none of these nematodes 
have been obtained in sterile culture, classic proof of pathogenicity 
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using Koch’s postulates has not been possible. No pathogenicity studies 
of any nematode species have been made on trees of the family Aceraceae. 
A few plant-parasitic nematodes are known to be vectors of viruses. 
Xiphinema index transmits arabis mosaic virus (grapevine fanleaf strain) 
(Jha & Posnette, 1961). amerlcanum transmits tobacco ringapot 
virus (Fulton, 1962 ) and tomato ring spot (peach yellow bud mosaic 
strain ) virus (Breece & Hart, 1959 ). Only a few individuals of these 
nematodes are necessary to transmit viruses as was demonstrated by 
Me Quire (1964 ), Transmission of TRSV to cucumber by americanuro 
was accomplished by a single nematode. One nematode around each 
plant transmitted the virus to up to 40% of the plants and five nematodes 
transmitted the virus on six of eight plants. While populations of Xiphi¬ 
nema sp. are often found around the roots of trees, their role in trans¬ 
mitting viruses to these trees has not been studied. 
CHAPTER m 
MATBRIALS_ANP METHODS, 
Seventeen plots were established in Western Massachusetts in the 
townships of Amherst# Ashfieid, Bernardston, Buckland, Charlemont, 
Colrain, Conway, Goshen, North Heath, Leyden, Shelburne, Sunderland 
(Mt. Toby ), Williamsburg and Worthington (Fig. 3 ). From these 
plots the soil around the roots of 45 sugar maple trees was periodi¬ 
cally sampled during the investigation. Trees were randomly selected 
to represent all extremes of woodland environment and were numbered 
with yellow paint for identification. Two trees in the Amherst area were 
in a park and two were in a private home garden; all the others were 
forest trees. 
Boll and root samples were collected five times from each of the 
45 trees from January 1965 to July 1966. Soil samples were collected 
with a 6 cm diameter soil auger at two depths, representing the A and B 
soil horizons. The two soil layers were recognized by the color change 
in the profile. The depth of sampling varied from 30 to 60 cm depending 
on the nature of the soil. At each collection date, three borings were 
made at random near the base of each tree and combined to form one 
sample containing about one Kg of soil. Soil samples were put in 
plastic bags, sealed and stored in a cold room at about 4 C until pro¬ 
cessing. 
At each collection time, about 300 g of roots were collected from 
Figure 3. Locations covered for the survey of plant- 
parasitic nematodes around the roots of sugar 
maple trees. Sech plot is represented by a 
triangle * 
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each of the 45 sugar maple trees. In order to collect root samples, a 
portion of the main root of each of the trees was excavated and the 
lateral roots were collected by cutting out approximately 500 era? of 
soil near the exposed main root. The roots were then shaken to remove 
loosely adhering soil and put into plastic bags, sealed and stored at 
about 4 C. 
Collections of root and soil samples from ail the 17 plots were 
completed within one week from the start of the collection, except for 
the collection which was made in January. In that case, samples were 
collected over a period of one month because of unfavorable weather 
conditions. At this time, no root samples were collected because the 
soil was frozen and the roots were difficult to obtain. 
Each time samples were collected during the growing season, the 
vigor of each of the 45 sugar maple trees was recorded. Observations 
were made monthly from April to September 1966. These observations 
sometimes coincided with sampling and sometimes not. The extent of 
dead crown, leaf color, leaf scorch and defoliation were recorded dur¬ 
ing the observation. 
Extraction of nematodes. Nematodes were recovered from soii 
using the Seinhorst elutriation method (Seinhorst, 1956 ) followed by 
the Saermann funnel technique. A 250 g subsampie from each sample 
collected was processed and the nematodes extracted. After 24 hours. 
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the water from the Baermann funnel was drawn off and the nematodes 
collected In a watch glass. The nematodes were then Identified and 
counted using a binocular microscope. Fifty g of soil from each sample 
was processed separately using the sugar flotation method (Caveness & 
Jensen, 1955 ). 
After the root systems had been carefully washed to remove soil 
particles, they were processed for the presence of endo- and semi- 
endo-parasitic nematodes. Portions of the roots from each sample were 
stained with boiling acid fuchsin lactophenol for 30 seconds, washed 
with tap water and put in clear lactophenol (Goodey, 1951). 
For the Isolation of s@ml-endo-parasitic nematodes, roots were 
cut in pieces, put in 500 ml Erlenmeyer flasks half-filled with water and 
mechanically shaken for four days. The water in the flasks was then 
passed through a 325-mesh sieve and the nematodes collected in a 
small amount of water in a watch glass. 
PlanL-lnoculaUon in the first series of experiments. In July 1965, 
20 one-year-old sugar maple seedlings were planted in 10 cm clay pots 
containing steam sterilized soil and placed in the greenhouse at 21-28 C. 
Five seedlings were inoculated with Xjphinema amertcanum Cobb 1913, 
five with Haini.CT sp., five with Crl conemo Ides sp. and five 
were not inoculated. 
The inoculum consisted of 50 females, males and larvae of each 
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nematode species selected from populations taken from around the roots 
of maple trees. These were put in a few drops of water on a glass slide. 
The soil around the base of each seedling was removed to expose a por¬ 
tion of the root system. The nematodes were then washed off the glass 
slide onto the exposed roots and the base of the plant covered with soil. 
Control plants were treated in the same manner, but using water only. 
One plant for each treatment was examined five months after inoculation. 
Observations on the remaining plants were made for 18 months, at which 
time the roots were washed in a pail of water and examined for injuries. 
Nematodes from these pots were recovered at the end of the experiment. 
Plant inoculation in a second series of experiments., 
A. Inoculation v4th Uomicycilophora sp. and vriconemoicies sp. 
In March 1966, one-year-old sugar maple seedlings, with complete root 
systems, were collected from the forest. They were wrapped in paper 
towels and immediately taken to the laboratory. The root system was 
carefully washed to remove the soil and observed for injuries with a 
dissecting microscope. If injuries were observed on roots, the affected 
root portion was removed by pruning. If injuries were observed on the 
stem, the seedling was discarded. Injury-free seedlings were immersed 
in a solution of 1% streptomycin sulfate for 30 minutes, washed several 
times with distilled water and planted in wooden flats containing a 
steam-sterilized mixture of three parts field soil, one part sand and one 
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part peat. In order to reduce evaporation and to approximate natural con¬ 
ditions the soli was covered with steam sterilized dead leaves collected 
from the forest. Seedlings were kept on a greenhouse bench where a 
sprinkling system was timed to water the seedlings from 9 to 10 am, from 
3 to 4 pm, and from 11 to 12 pm. Two weeks later, when the seedlings 
began to break dormancy, the sprinklers were turned off and the flats 
watered as needed. One month later, the best growing seedlings were 
transplanted Into 10 cm clay pots containing the same soil mixture used 
for the flats. Forty-five days after transplanting, the aerial part of each 
plant was examined for presence of injuries. Plants showing injuries 
or poor growth were discarded. 
Because the seedlings were not uniform in growth at the time of 
inoculation, it was necessary to pair them. Forty pairs of plants were 
selected to closely resemble each other in respect to height and growth. 
One seedling of each pair was inoculated with populations of Crlco- 
Mraoides sp., or HemlcycUophora sp. or a combination of both nematode 
species. Inoculations were made by transferring nematodes into a 25 ml 
plastic vial containing about 2 mi of distilled water and pouring the 
contents around the root3 of seedlings. The soil was removed from 
around the base of the seedlings prior to inoculation and replaced immedi¬ 
ately afterward. Control plants ware treated in the same manner, using 
only distilled water. Ten plants were inoculated with 100 Criconamoid^g 
sp., 10 with 100 HemlcycUophora sp. and 20 plants were inoculated 
17 
with 50 Criconemoides sp. and 50 Hemlcycllophora sp.. All plants were 
kept on greenhouse benches at 20-22 C, except for 10 plants inoculated 
with a combination of Hemlcvcliophora sp. and grjff.gpemoidgi sp. that 
were kept at 22-28 C. The two different temperatures were obtained by 
using air conditioning units. In both greenhouse sections the tempera¬ 
tures were measured with continuous recording thermographs. 
To determine how long plant-parasitic nematodes could persist 
without plants, two samples of forest soil, one containing a population 
of Hemlcvcliophora sp. and one containing a population of Crlconemoides 
sp., were collected from around the roots of declining sugar maple trees, 
screened to remove large debris and put in 20, 10-cm clay pots. The 
number of nematodes present in each pot was estimated by processing 
three 50 g aliquots of each sample by the sugar flotation method. Ten 
pots were estimated to contain 400 Crlconemoides sp. each and 10 pots 
were estimated to contain 80 Hemicvcliophora sp. each. Twenty more 
pots were filled with a combination of the two soil samples that were 
thoroughly mixed before the three 50 g aliquots were processed for 
nematodes. Each pot was estimated to contain 200 Crlconemoides sp. 
and 50 Hemlcvcliophora sp. All the pots were put on a greenhouse bench 
at 20-22 C, except for 10 pots containing a mixed population of Heml- 
cycllophora sp. and Crlconemoides sp. that wore kept at 22-28 C, 
To reduce evaporation, all the pots were half immersed in sand and 
covered with steam sterilized leaves. 
13 
B. I^cul^mw Seedlings which were 
to be inoculated with &. americanum were obtained and treated in the 
same manner as previously described for the seedlings inoculated with 
Criconemoides sp. and Hemicvcliophore sp., except that 150 ml glass 
jars were used instead of clay pots. Thirty jars contained fine white 
sand passed through a 40-mesh sieve and 30 contained forest soil, taken 
from around the roots of maple trees. Both sand and soil were auto¬ 
claved for four hours at 120 C. Plants were kept in a growth chamber at 
20-21 C and received a light intensity of about 2000 ft-c for 14 hours a 
day. 
One month after the seedlings had been transplanted in jars, 20 
pairs of plants were selected to closely resemble each other in respect 
to height and growth. Ten pairs were growing in sand and 10 pairs were 
growing in forest soil. One seedling of each pair was inoculated as 
previously described with 100 X. americanum. 
To determine how longj£.. americanum would persist in fallow soil, 
20 jars, 10 containing forest soil, and 10 containing sand were also 
Inoculated. 
In ail the experiments, nematodes were used for inoculation pur¬ 
poses the same day they were extracted from the soil and they were 
always extracted from forest soil taken from around the roots of sugar 
maple trees. Experiments with Criconemoldes sp. and Beroicvcliophora 
sp. were terminated in January 1967. During the experiments, frequent 
19 
observations on growth of the plants were made and seedlings were 
watered as needed. All the seedlings growing In sand were watered 
twice a week with Fisher liquid M (1 tablespoon per gallon of water ). * 
The height of the plants was recorded at the time of the inoculation and 
at the end of the experiments» 
At the end of the experiments the entire plant was put In a pail 
containing water and gently shaken to remove the soil from the roots. 
The soil in each pot or jar was processed by sieving and the sugar flo¬ 
tation method to recover the nematodes. The root system was then 
washed with running tap water and observed microscopically for symp¬ 
toms or injuries. Root systems from control and inoculated seedlings 
were cut off the stem, wrapped individually in paper and dried in an 
oven at 100 C for 24 hours before weighing. 
Plant inoculation with forest soli. In March 1965, young sugar 
maple trees about five years old were purchased from a nursery and 
* Fisher liquid M consists of: 
Nitrogen 
Phosphorus 
Potassium 
Mang. 
Iron 
Zinc 
Copper 
Boron 
Molybdenum 
JL 
16 
24 
16 
.0036 
.0022 
.0011 
.0011 
.0007 
.0002 
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planted in wooden boxes, (40 x 40 x 40 cm ), containing steam sterilized 
field soil. Prior to planting, the root systems were washed and injured 
roots were removed. One month later, about 2 Kg of forest soil con¬ 
taining approximately 10-15 aroerlcanmn per 250 g of soil was placed 
around roots of 10 trees. About 2 Kg of steam sterilized forest soil was 
placed around the base of each of 10 trees for controls. The boxes were 
randomly arranged in the greenhouse. Observations on the foliage and 
growth of the trees were made periodically for 2 years. 
Soil cores for nematode analysis were taken from the inoculated 
and control boxes with a 2.5 cm diameter soil sampling tube at three 
places at random and 100 g of soil was processed by the sugar flotation 
method for nematode recovery. Soil samples from the boxes were col¬ 
lected in August, October and December of 1965 and in August and 
October of 1966 and in January and April of 1967. Four trees, two inocu¬ 
lated and two controls, were examined for root injuries in September 
1966. The boxes in which the remaining trees were growing were dis¬ 
assembled in May 1967. The entire root system was shaken in a tank 
containing tap water to remove the soil, end then washed clean with 
running tap water. 
A summary of all the inoculations is presented in Table 1. 
£^iafiJ6&3i£ Sj2ii£L mm i't roots of sugar maple 
A section of soil, with roots, was gently removed from a box 
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that had been previously inoculated with forest soil, placed in a beaker, 
and covered with a solution of 1.6% formaldehyde. One hour later the 
roots were freed of soil and placed in a petri dish containing water. The 
roots were observed under a dissecting microscope to see of any amerl- 
canum were attached. 
In August 1966, sugar maple seeds were soaked in water overnight 
and mixed with autoclaved dry peat while they were still wet. The mix¬ 
ture was then put in plastic flats and kept in a cold room at about 4 C. 
The flats were periodically watered to keep the mixture moist. Forty-five 
days later, after the seeds germinated, they were transferred to observa¬ 
tion boxes (Fig* 4 ). Two sides of the box contained a glass pane 
v 
approximately 11 x 13 an, with a distance of 2 cm between the panes. The 
construction of the box allowed the worker to observe plant roots and 
nematodes through the glass sides. Five germinating seeds were put in 
each box, in an autoclaved mixture of two parts field soil and one part 
sand. The boxes were inclined at 45°and kept in a growth chamber at 
20-21 C. Twenty days later, when the root systems of the seedlings 
were developing against the glass surface, they were inoculated with 
americanum. 
A population of &. americanum was extracted from greenhouse soil 
by the Seinhorst method. About 50 X. americanum were concentrated in 
a few mi of water and transferred with a syringe and needle to the de¬ 
veloping roots. A total of 20 inoculations were made in eight observation 
Figure 4, Observation box used to observe the feeding of 
XlPhlnema • Note the roots growing 
against the glass surface. 
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boxes and four boxes were not inoculated. The point of each inoculation 
was marked on the glass surface. 
Observations were made daily for one month and occasionally con¬ 
tinued for another month. To observe feeding, the boxes were put directly 
under a dissecting or compound microscope. In order to see if the light 
had any effect on the movement and feeding of the nematodes, for the 
first 15 days the plants, with the roots shaded, were exposed to light 
during the day and for the second 15 days, the light cycle was reversed 
in the growth chamber with the dark period during the day. 
At the end of the experiment the root systems of both the inocu¬ 
lated and uninoculated seedlings were observed by disassembling the , 
boxes and washing the roots in water. The soil and water mixture was 
then processed by sieving and the sugar flotation methods for nematode 
recovery. 
Histological studies. Paraffin sections of wrinkled leaves, root 
swellings and leaves of indicator plants were cut at 15/u and stained 
with safranin and fast green by routine techniques (Jensen, 1962 ). 
Isolation of funglirom roots affectedJ)y girdling lesions. In order 
to see if any fungi were involved in the cause of girdling lesions, 
affected roots of declining sugar maple trees were washed clean and 
cut Into pieces of about five mm long. These root fragments were then 
surface sterilised in a test tube with a.1% solution of HgCl2 for 30 
25 
seconds, washed several times with sterile water and transferred to 10 
petri dishes containing a 1.8% water agar medium. About 10 pieces of 
roots were put deep in the medium of each petri dish. The plates were 
kept at room temperature and observations for fungus growth were made 
for 20 days. 
Experiments for deteSttaELaf ©oils-3ssocjatod with 
“Maple Decline”. In June 1965, forest soil was collected from around 
die roots of declining sugar maple trees from 5 areas. About 15 Kg of 
soil was collected from each area, put into plastic pails and covered 
with leaves to prevent moisture loss. Half of the soil from each sample 
V 
was steam sterilised. Seeds of mustard (Bras si ca mnea L. var. Tender- 
green ) and cucumber < Cucumis sativus L. var. Everbearing ) were each 
planted in 10, 10-cm clay pots, 5 containing untreated forest soil and 
5 containing sterilized forest soil for controls. A total of 100 pots 
( 10 for each of two specie© in 5 soils ) was obtained. The pots were 
randomized on a greenhouse bench at 20-28 C. 
After the seeds germinated and reached the cotyledon stag© of 
growth, they were thinned to one plant per pot. The seedlings were 
observed for 45 days and then the leaves were harvested. All leaves 
from each treatment were combined and 20 g samples were then ground 
with 15 ml of distilled water in a mortar. The plant juice obtained from 
each sample was centrifuged at 3600 rpm for two minutes and the 
26 
supernatant from each tube was then used to inoculate the first pair of 
leaves of 10 cucumber and 10 mustard plants growing in 10-cm plastic 
pots containing steam sterilized soil. The plants were observed for 
symptoms for 25 days. After 25 days, the juice was again extracted 
from the leaves of mustard plants, both control and inoculated, and used 
to inoculate 10 other mustard plants. These plants were observed for 
21 days. 
Prior to inoculation, the first pair of leaves of both control and 
sap-inoculated plants were dusted with 400-mesh carborundum. Car¬ 
borundum was deposited on the leaves and then it was gently spread 
over the entire leaf surface with a one-ha if inch paint brush. The plant 
Juice was then applied with a similar brush. About 15 minutes later, 
the inoculated leaves were rinsed with tap water. The experiment was 
repeated in August 1965 in the same manner, except that the soil from 
four of the areas was used instead of five, and the temperature during 
the experiment was 21-26 C. 
Po&sible„ro!e. of MphiMma-amerlcan.uHLfn the transmission oi sail- 
borne viruses to maple trees. In September 1965, seeds of mustard, 
cucumber, sp. and black-eye cow pea (Ylgna sinensis L.) 
were planted in 30 ml glass jars containing autoclaved fine white sand. 
Twenty jars were used for each plant variety. After the seeds germinated 
they were thinned to one seedling per Jar. When the plants were 3 weeks 
27 
old, 10 jars, each containing the 4 species of plants, were inoculated 
with 10 amerlcanum that had been recovered from soil taken from 
around the roots of declining sugar maple trees. Collection of the soil 
infested with amerlcanum, extraction of the nematodes and plant 
inoculations were completed in one day. 
Prior to inoculation, nematodes were extracted from the soil with 
the Seinhorst elutriator and concentrated in water in a watch glass. The 
nematodes were put, one at a time, into vials containing distilled water 
and then poured over the roots of the Indicator plants. Ten jars of each 
group of plants were treated in the same manner with distilled water 
only. Ail the jars were randomised on a greenhouse bench at 21-24 C 
and watered twice a week with a Fisher liquid M solution. Observa¬ 
tions on the foliage and growth of the plants were made for 4 weeks 
after inoculation. 
At the end of the experiment, the plants were removed from the 
jars and the root systems were washed in tap water. The sand and 
water mixture from each Jar was processed for nematode recovery by 
using the sugar flotation method. The roots and leaves from all plants 
in each treatment were then removed and combined making a total of 
16 samples. About 15 g of leaves and about 10 g of roots from each 
sample was ground separately in a mortar in 40 ml of distilled water 
yielding about 50 ml of juice. Each plant extract was used to inoculate 
8 plants each of mustard, Chenopodlum, cucumber and black-eye cow 
28 
pea growing in 10 cm clay pots containing steam sterilized field soil. The 
Inoculation procedure was the same as previously described. Observa¬ 
tions on the foliage of the plants were made for 45 days. 
In October 1966, germinating sugar maple seeds were planted in 
12 x 16 x 5 cm plastic fiats containing steam sterilized soil. When the 
seedlings were one month old, the first pair of leaves of 10 seedlings 
were inoculated with the juice extracted from the leaves of sugar maple 
trees growing in the greenhouse in non-sterili2ed forest soil. For con¬ 
trols, 10 other seedlings were inoculated with the juice extracted from 
the leaves of sugar maple trees growing in greenhouse in sterilized 
forest soil. 
All the plants were maintained in a growth chamber at 20-21 C, 
and observations for symptoms were made for one month. At this time 
the juice was extracted from both control and inoculated plants and was 
used to inoculate 10 other sugar maple seedlings in the same manner as 
described above. Observations on the leaves of these plants were 
made for 28 days. 
In December 1966, the plant juice was extracted from the leaves 
of sugar maple seedlings growing in observation boxes that had been 
inoculated with X. americanum. The juice was used to inoculate 10, 
two-month old sugar maple seedlings growing in plastic flats. Plant 
juice was also extracted from the leaves of seedlings not Inoculated 
with X. amgT.lgQ5pn\ and used to inoculate 10 control plants. Observations 
29 
for symptoms on these plants were made for 25 days. At this time the 
juice from the leaves of both control and inoculated plants was extracted 
and each used to inoculate 10 other seedlings. Three weeks later the 
juice was again extracted from the leaves of these plants and was used 
to inoculate 10 other seedlings. Observations on growth of these plants 
were made for 2 months. 
A summary of the virus experiments is reported in Table 2. 
All the plants were kept in a growth chamber at 20-21 C. In all 
the experiments, prior to inoculation, the first pair of leaves of each 
seedling of both control and inoculated plants were dusted with carbo¬ 
rundum. Leaves were washed with tap water about 15 minutes after inocu¬ 
lation. 
In February 1967, approximately 40 g of feeder roots were collected 
from inoculated and control sugar maple trees growing in the greenhouse. 
Twenty g of clean roots from both control and inoculated trees were 
ground in a mortar with about 10 ml of . 003 M solution of KH^04. Each 
juice was then filtered and the filtrate used to inoculate 14 mustard 
plants and 14 cucumber plants growing in 10 cm plastic pots containing 
steam sterilized soil. Mustard plants were inoculated when the first 
pair of leaves had developed and cucumber plants were inoculated when 
they were at the cotyledon stage. Prior to inoculation, both plant species 
were shaded with a black polyethylene sheet for 4 days. Ten days 
later, the experiment was repeated in the same manner, but the plants 
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were not shaded and the juice was not filtered. The test was again re¬ 
peated 12 days later. This time the juice from the roots was extracted 
in a solution of 1,2% nicotine sulfate. Plants were not shaded and the 
juice was not filtered. 
All the plants were randomized on a greenhouse bench and periodi¬ 
cally watered. The plants received a liquid fertilizer immediately after 
inoculation and once a week until the experiments were terminated. 
In March 1967, plant juice was extracted from inoculated and non- 
inoculated cucumber leaves that had been shaded prior to inoculation. 
About 20 g of leaves were combined and the juice extracted in a phos¬ 
phate buffer and filtered. About 30 ml of juice was obtained from each . 
treatment. The juice was used to inoculate 50 cucumber plants growing 
in steam sterilized soil. Twenty-five seedlings were inoculated with the 
juice from the Inoculated cucumber plants and 25 seedlings were inocu¬ 
lated with the juice from the control cucumber plants. Prior to inocula¬ 
tion, seedlings were shaded for four days and inoculated at the cotyledon 
stag© of growth. Fifteen inoculated and 15 control seedlings were placed 
in a greenhouse bench at 20-24 C and 10 inoculated and 10 control seed¬ 
lings were placed in a growth chamber at 20-21 C. Observations for 
symptoms on these plants were made for 45 days. 
CHAPTER IV 
RESULTS AND OBSERVATIONS 
Plant parasitic nemafcxiesj-ecovejMjt9mm2VMAe- tools.ojLsugflr 
maple trees. Tha ecto-parasitlc nematode species most commonly re¬ 
covered from soil samples were Xlphineme amerlcanum. C.Ttot*em.gtdgg 
ap. and Hemlcvcliopbora sp.. Occasionally, high populations of 
Tvlenchus sp. and Hellcotvienchus sp. were also recovered (Table 3). 
aynaricamim was recovered from every plot and from around the roots 
of 38 of the 45 trees. Criconerooldes sp. and fl^CTsMpBhata SP- wore 
recovered from 7 plots and from around the roots of 18 and 13 sugar maple 
trees respectively. Tvlenchus sp. and sp. were re- 
covered from 5 and 3 plots end from around the roots of 6 and 3 trees 
respectively. 
Seasonal 
the roots of sugar maple trees. The seasonal fluctuations of popula¬ 
tions of amerlcanum are shown in Figure 5, which represents the aver¬ 
age number of nematodes recovered from around the roots of 38 sugar 
maple trees for each sampling date. The seasonal fluctuation of X. 
amerlcanum in both soil horizons followed similar patterns. The popu¬ 
lations reached high levels in April 1965, and then decreased in number 
until August 1965. This reduction in population size was apparently 
associated with dry, hot weather conditions during these months. 
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Figure 5. Seasonal fluctuation of populations of Xiphlnema 
americanum recovered from soil taken around the 
roots of 38 sugar maple trees in 1965. Using the 
Student's t test the differences between A and B 
horizon are significant at 5% in April and at 20% 
in August and October. 
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Increased precipitation and cooler temperatures from August to October 
were associated with a second build-up of^. populations. 
The number of X. americanum recovered at each sampling date was 
always greater in the A soil horizon than the number recovered from the 
B soil horizon. The A soil horizon contained an average of 30J&_. afpejlr 
£§num per 250 g in April 1965, The B soil horizon contained an average 
of 2 x;. aqierlcanuro per 250 g in August 1965, and attained a high of 9 
individuals per 250 g in October 1965, The difference between the num¬ 
ber of X. americanum recovered from the A and from the B soil horizon 
is significant at 5% in April, and at 20% in August and October. 
The seasonal fluctuation of populations of Criconemoides sp. 
during 1965 are shown in Figure 6, which gives the average number of 
nematodes recovered from around the roots of 18 sugar maple trees for 
each sampling date, The sugar flotation method was used for the re¬ 
covery of Criconemoides sp*, because approximately 90% more of these 
individuals were recovered by this method than by the Seinhorst eiu- 
triation method. 
In the A soil horizon, an increase in the populations of Crico¬ 
nemoides sp, was observed from January to June followed by a popula¬ 
tion decrease in August. In the B. soil horizon, a gradual increase in 
populations of Criconemoides sp. was observed from January to October. 
The populations in the B horizon were lower than the populations in the 
A horizon, except in January and August, where the B horizon averaged 
Figure 6. Seasonal fluctuations of populations of 
Criconemoides sp. recovered from around 
the roots of 18 sugar maple trees in 1965* 
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10 and 20 more individuals per soil sample than did the A horizon. The 
differences between the number of nematodes recovered from the A hori¬ 
zon and those recovered from the B horizon are not statistically signi¬ 
ficant at any collection time. 
The seasonal fluctuation of populations of H^micycUophora sp. 
during 1965 is shown in Figure 7, which gives the average number of 
nematodes recovered from around the roots of 13 sugar maple trees for 
each sampling date. An increase in the populations of HemicvcUophora 
sp. was observed in the A horizon from January to June followed by a 
population decrease in August and October. In the B horizon, the popu¬ 
lations increased from January to June, decreased in /ugust and in¬ 
creased again In October. The populations were always higher in num¬ 
ber© in the A horizon than in die B horizon except for the month of 
October, No statistically significant differences wera found between 
the number of Hemicyciiophora sp. recovered from the A horizon and 
those recovered from the B horizon. 
There was considerable variation of nematode populations among 
plots and among trees of the same plot, even though the sugar maple 
trees were close to each other. In some cases species were not re¬ 
covered from the same tree on all sampling dates. There were times in 
which nematodes were recovered from the A soil horizon, but not from 
the B horizon at the same sampling date, and at other times this situ¬ 
ation was reversed. An illustration of this variation is reported in 
Figure 7. Seasonal fluctuations of population a of 
ijerojcygUophorg sp, recovered from around 
the roots of 13 sugar maple trees in 1965. 
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Table 4. X. amerlcanum was not recovered from the A horizon of tree 
number one at any time and it was only recovered once from B soil 
horizon of the same tree in August, The same situation existed with 
tree number 5 where X. amerlcanum was not recovered from the A hori¬ 
zon but was recovered from the B horizon in April, June and October• 
This type of variation was apparent with other trees sampled in the 
study. 
Very seldom were both Hem Icy cliophora sp* and Criconemoides 
sp. recovered from the ©am© soil sample, but in most cases, one or the 
other of the two species was found. In 10 cases the two nematode 
species were recovered separately but at different sampling dates from 
©round the roots of the same tree (Table 5 ). Hemlcycllophora sp. and 
Criconemoides sp. were recovered together in the same soil sample 
only from around the roots of sugar maple trees nine and ten. Although 
the two nematode species were both recovered from the A horizon of 
tree number 9 only in April. Both species were recovered from A horizon 
in April and June from tree number 10, and from B horizon in April, June 
and August. At the other sampling dates only one of the 2 species was 
recovered from the same soil sample. This was observed frequently, 
where at one sampling date one species was recovered, but at the next 
sampling date that species was absent. 
Endo-parasitic or semi-endo-parasitic nematodes were never 
observed or recovered from roots collected 5 times from the 45 sugar 
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maple trees in all the 17 plots. 
Seasonal,population fluctuations of Itij^nema 
conamaldec an. and Hemlcvcllophora sp. rejg^emd jrm^oU tgjceja. 
around the roots of healthy and declining ..gugarjnagle treg^ After 20 
months of observations, it was possible to establish which of the sugar 
maple trees under investigation were declining and which were healthy. 
At this time the 45 sugar maple trees were divided into three groups 
according to the severity of symptoms on the trees (Table 6 ). In the 
first group were those sugar maple trees that did not show any symptoms 
of decline. Trees of this group were considered to be healthy because 
leaves were normal in sis© and green until the end of September 1966. 
In the second group were those trees that showed leaf yellowing end 
leaf scorch in July or August and the foliage was often small. A few 
small branches at the top of the trees were defoliated in September and 
occasionally a few dead twigs were observed. These trees were con¬ 
sidered to be moderately declining. In the third group were those trees 
that showed leaf yellowing, leaf scorch or both in July or August and 
at least one-half of the crown or the whole tree was defoliated by the 
end of September. In most of the cases these trees had large dead 
branches. Sugar maple trees of this group were considered to be se¬ 
verely declining. Thirteen sugar maple trees were classified in the 
first group, 20 in the second group and 12 in the third group. 
Populations of X. amerloanuya were recovered from around the 
43 
Tabled. Su«rar maple trees under this study divided according to the 
severity of svmotoms in September 1966* 
Location Plot Healthy Moderately Severely Description 
number declining declining 
Amherst 1 1 1 Forest 
it 2 o • Park 
it 3 1 1 Estate 
Ashfield 4 - 3 1 Sugar bush 
Bcrnardston 5 1 2 - Forest 
Buckland 6 1 - 1 Sugar bush 
Charlemont 7 1 2 1 
ti it 
Colrain 8 - 1 - 
If tt 
Conway 9 1 - 1 
!1 tt 
ii 10 1 1 1 
II H 
Goshen 11 — 2 - Forest 
North Heath 12 2 1 1 Sugar bush 
Leyden 13 1 - 3 
tt m 
Shelburne 14 • 2 - 1 
tt ft 
Sunderland 15 - 1 - Forest 
Williamsburg 16 1 2 1 
it 
Worthington 17 2 
ft 
Total 13 20 12 
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roots of all the sugar maple trees that showed symptoms of decline and 
from six out of 13 healthy trees. The fluctuation of populations of 
americanum in the 3 groups of trees is shown in Figure 8. At each 
T 
sampling date, larger numbers of )£. americanum were recovered from 
around the roots of sugar maple trees that showed moderate decline, 
lower numbers were recovered from around the roots of trees that showed 
severe decline and still lower numbers were recovered from around the 
roots of healthy sugar maple trees. In ail 3 cases the seasonal fluc¬ 
tuation of populations of americanum followed the same pattern that 
was observed in Figure 5.. The difference between the number of X. 
americanum recovered from around the roots of moderately declining 
trees and the number recovered from around the roots of healthy trees is 
significant at the 5% level for the month of April. No statistical differ¬ 
ences were found for all other cases. 
Populations of Criconemoides sp. were recovered from around the 
roots of 7 healthy sugar maple trees, 4 moderately declined trees and 
7 severely declining trees. The fluctuation of populations of Crico- 
nerooldes sp. is shown in Figure 9. As was observed with X. america¬ 
num, the largest numbers of Criconemoides sp. were recovered from 
around the roots of moderately declined trees. The populations around 
the roots of severely declined trees were the highest in April and lower 
in numbers at other sampling dates. The number of Criconemoides sp. 
recovered from around the roots of healthy trees was lower than the 
Figure 8. Seasonal fluctuations of populations of Xlohinema 
amerlcanuro in soli taken from around the roots of 
healthy and declining sugar maple trees in 1965. 
By using the Student's t test the difference between 
moderately declining and healthy trees is signifi¬ 
cant at 5% in April* 
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- HEALTHY TREES 
-MODERATELY DECLINING TREES 
-SEV£ RELY DECLINING TREES 
Figure 9. Seasonal fluctuations of populations of 
Criconemoides sp. around the roots of 
healthy and declining sugar maple trees in 
1965. 
By using the Student’s t test the difference 
between moderately declining and healthy 
trees is significant at 1% in June. 
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number recovered from around the roots of the other groups in January, 
April and June and higher than the populations recovered from around the 
roots of severely declined trees in August and October. The difference 
between the number of Criconemoides sp. recovered from around the roots 
of moderately declining trees and those recovered from around the roots 
of healthy sugar maple trees is significant at 1% level in the month of 
June. 
Populations of Hemicycliophora sp. were recovered from around 
the roots of 4 healthy sugar maple trees, 5 moderately declining trees 
and 4 severely declining trees. The populations recovered from around 
the roots of moderately declining trees v\ere higher in numbers than the 
populations recovered from around the roots of severely declining trees 
(Fig. 10 ). In both cases, the populations increased from January to June 
and decreased from June to October around the roots of moderately declin¬ 
ing trees and from June to August around the roots of severely declining 
trees. Populations of Hemicycliophora sp. recovered from around the 
roots of healthy trees increased to maximum numbers in August, at which 
time the population was higher than the population recovered from around 
the roots of moderately declining trees. The difference, however, was 
not statistically significant. 
Observations on roots of healthy and declining .sugv.nflBhlJffiflfl • 
Young growing roots of declining sugar maple trees often showed localized 
Figure 10. Seasonal fluctuations of populations of 
Hemicvcliophora sp. around the roots of 
healthy and declining sugar maple trees 
in 1965. 
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reddish-brown areas which, in some cases, girdled the roots. These 
girdlings were about 2 mm in width and often the cortex of the affected 
roots was disintegrated at the site of these lesions exposing the vas¬ 
cular elements. In some instances, the lesions were dark brown or 
black. Several girdling lesions were frequently observed on the same 
root and these lesions were spaced about 2 cm apart (Fig. 11). The 
portion of root between lesions was not affected. In many cases, the 
roots of declining sugar maple trees were black and frequently they were 
found in a decayed condition (Fig. 12 >. When young roots showed 
blackening, the whole root system originating from the same main roots 
■* ** 
was black, or the entire roots were dead. When older roots showed 
blackening, the roots were black and shining and no lateral roots were 
present. The blackening extended through the entire cortex which was 
easily peeled off, exposing dark brown vascular elements. In some 
cases, the cortex was partly removed and the vascular elements were 
disintegrated. 
The root tips of young growing roots were often swollen and curled. 
Swellings were occasionally observed along the side of young roots, 
but more often along the side of older roots (Fig. 13 ). A cross section 
of a swelling is shown in Figure 14, The diameter of the swellings was 
from 4 to 6 mm in length. Swellings of the root tips sometimes extended 
to 2 cm in length. In many cases there was a constriction of the roots 
at the branching point followed by swelling and curling of the root. In 
Figure 11. Girdling lesions found on roots of declining 
sugar maple trees in the forest, the young 
roots are mostly affected. 
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Figure 12. Roots of declining sugar maple trees. Note that 
the roots are black and decayed. 

Figure 13* Roots of declining sugar maple trees * Mote 
swellings on older roots. 

Figure 14. Paraffin section of a swelling of a feeder 
root taken from a declining sugar maple tree 
in the forest. X 75. 
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most cases, the root system examined was brown in color with a reduc¬ 
tion of feeder roots. One or more of the described symptoms were ob¬ 
served on all die roots taken from trees showing symptoms of decline 
during 20 months of observations. 
In a few cases die roots taken from apparently healthy trees showed 
local brown discoloration that did not girdle the root. Swellings on the 
roots were observed in one root collection from healthy trees. The root 
system was mostly light in color with an abundance of feeder roots. 
Dark brown, black or decayed roots were never observed on healthy 
trees. 
Ohm a on plants 
meats. Sugar maple seedlings inoculated in July 1965 with either 50 
MpMatma tmericagBnt, 50 llemicycllophcES sp. or 50 Crlconemoldes sp. 
did not show any symptoms on the foliage until June 1966. In November 
1965, on© plant from each treatment, including a control, was examined 
and no visible root injuries were detected. The numbers of nematodes 
recovered at this time from the soil of these pots were one amerlca- 
mm* § sp. and 5 sp, No plant-para - 
sitic nematodes were recovered from the control pot. From July to Dec¬ 
ember 1966 the remaining plants inoculated with Criconemoidas sp, 
became stunted, having short intemodes and small, rosette-like leaves. 
The bottom leaves of one of these plants became yellow in August 1966 
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and the plant did not increase in size, although the rest of the leaves 
remained green during the experiment. No apparent differences were 
noticed between plants inoculated with either Hemicvcliophora sp. or 
and the control plants. The numbers of nematodes re¬ 
covered 18 months after inoculation is reported in Table 7. 
No X. amerloanum individuals were recovered from any pot. Popu¬ 
lations of Sp* increased in each of the inoculated pots 
to a maximum of 5,000 nematodes. Populations of Hemicycllophora sp. 
increased in only 2 pots. 
The root systems of sugar maple seedlings inoculated with Crlco- 
Sg&oIdas sp. were greatly reduced in size. The root system of the plant 
from which 5,000 nematodes were recovered was completely destroyed, 
except for a few roots touching the sides and bottom of the pot. The 
maple seedling growing in the pot from which 400 HemicvcUophora sp. 
individuals were recovered showed slight reduction of the root system. 
No galls, lesions or other types of root injury were observed. Roots of 
plants inoculated with &. amerfcanurn and roots of control plants 
appeared normal. 
ii&Mi-iflQCUlafeSd in the second series of experiments. A, Plants 
j^^^.wltk-QfLc^emaides sp. and HeMcy^Uophora sp. Sugar 
maple seedlings inoculated in June 1966 with Griconomoides so., Heml- 
sp. and with a mixed population of both species did not 
show any symptoms of injury on the foliage during the six months of 
56 
Mk* 7 . Nematodes recovered from the soil of pots 
containing inoculated sugar maple seedlings maintained 
in greenhouse at 21-28 C for 18 months. 
Pot 
number 
Inoculum Number ne¬ 
matode/pot 
Symptoms 
1 50 Xiphinema 0 None 
2 i» ti 0 ii 
3 m ii 0 ii 
4 it it 0 ii 
5 50 Criconemoides 5,000 Stunting, rosette-like 
leaves, yellow bottom 
leaves. 
6 ii it 800 Stunting, rosette-like 
leaves. 
7 ii it 200 it 
8 it it 400 ii 
9 50 Hemicycliophora 400 Root reduction 
10 ii it 0 None 
11 H it 5 it 
12 ii ii 140 ii 
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observations. Three of the 10 plants inoculated with Crlconemoideg sp. 
were defoliated by the end of the experiment whereas the remaining 
plants did not show the characteristic autumn color of the control plants. 
Plants inoculated with Crlconemoideg sp. were stunted. The increase 
in height of each of the 10 pairs of sugar maple seedlings, 4 months 
after inoculation with either Crlconemoideg sp. or HemiCVCnQP.fr.<?re sp. 
is given in Table 8. Analysis of variance using the Student's paired 
method showed that the difference in height between the inoculated and 
control plants was statistically significant at the 1% level for plants 
inoculated with Criconemoldes sp. No statistically significant differ¬ 
ences were found between the heights of the control plants and of those 
inoculated with Hendcycllophora sp. The increase in height of sugar 
maple seedlings, kept at two different temperatures, and inoculated 
with a mixed population of Q&£amm9&&$ sp. and HemlcvcUophora sp. 
is given in Table 9. No statistically significant differences were found 
between the height of the control plants and of those inoculated with 
both ap. and HemlcvcUophora sp. whether they were 
maintained at 20-22 C or at 22-28 C in the greenhouse. 
i 
Root systems of plants inoculated with Criconemoldes sp. were 
reduced in size (Figs. 15, 16 ). Although heights of plants inoculated 
with H§nU^.<?4.9gbgg§ sp* did not differ from heights of controls, there 
was a significant reduction in size of root systems. The reduction was 
not as pronounced as in plants inoculated with Criconemoldes sp. 
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(Table 10 ). Analysis of variance showed that dry root weights were 
significantly different at the 1% level between plants inoculated with either 
Crlconemoldes an. or those inoculated with Hemlcvcllophora sp. and 
their respective control plants. 
The number of Criconemoldes sp. and QmteYcti£>.9h2<£$ sp. re¬ 
covered from the soil of pots inoculated with 100 nematodes of either 
species is reported in Table 11. Although Individuals of Griconemoldes sp. 
were recovered from all 10 pots, an increase in population size over die 
original inoculum was noted only in 3 pots. Individuals of Hemicvcllo- 
phora sp. were recovered from the soil of all the inoculated pots but 
an increase of the initial population was observed in only one pot. No 
plant parasitic nematodes were recovered from the control plants in either 
series. The data suggest that reproduction of Cflconemoldes sp. occur¬ 
red in at least 3 pots and that reproduction of Herolcycllophora sp. 
occurred in one pot during the six-month period. However, considering 
the number of nematodes that can be lost during their recovery, it may 
be assumed that in the cases in which the nematodes were lower than 
the initial inoculum, the population of these nematodes was at least 
maintained and that the sugar maple seedlings were hosts to both 
nematode species. 
The number of nematodes recovered from the soil of pots con¬ 
taining plants inoculated with both 50 Hemicvcliophora sp. and 50 Crlco¬ 
nemoldes sp. is given in Table 12. Hemlcyciiophora sp. was recovered 
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Table Q . Increase in height of sugar maple seedlings 
L months after inoculation with either 100 Criconemoides sp. 
or 100 Hemicycliophora sp. a/ 
Pair Criconemoides sp. Hemicycliophora sp. 
number Control B/ Inoculated Control c/ Inoculate 
(cm) (cm) (cm) (cm) 
1 10.0 5.0 23.0 1.0 
2 31.5 20.5 17.0 2.5 
3 20.5 16.5 8.0 33.0 
4 1.0 1.5 8.5 24.5 
5 5.5 5.0 2.5 2.0 
6 37.5 17.0 16.5 1.0 
7 9.5 6.8 3.5 15.0 
8 16.5 13.5 56.0 38.5 
9 21.5 15.5 3.0 4.0 
10 14.0 10.5 14.5 15.5 
a/ - Plants were maintained in greenhouse at 20-22 C. 
B/ - By using the Student’s paired method the differences 
Between control and inoculated plants are significant 
the Vfo level. 
2/ - By using the Student’s paired method the differences 
Between control and inoculated plants are not 
significant at the 5% level. 
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Table q .Increase in heights of sugar maple seedlings 
£ months after inoculation with 50 Criconemoides sp. 
and 50 Hemicycliophora sp. Plants were maintained in 
greenhouse at two different temperatures. 
20-22 C 20-22 C 
Pair Control a/ Inoculated Control a/ Inoculated 
number (cm) (cm) (cm) (cm) 
1 10.0 19.5 0 0 
2 14.5 8.0 3.0 2.0 
3 8.0 4.5 0 0 
4 15.5 16.5 2.0 . .5 
5 .5 17.7 1.0 .5 
6 9.5 3.5 1.0 0 
7 7.5 6.5 1.0 0 
8 0 0 3.0 2.0 
9 6.9 2.5 0 .5 
10 5.3 1.5 1.5 0 
a/ - By using the Student's paired method the differences 
between control 
significant at 
and inoculated 
the 5°/o level. 
plants are not 
Figure 15. Four pairs of sugar maple seedlings, originally 
selected for equivalent size. The plant lower 
and to the right of each pair was inoculated 
with 100 Criconemoides sp.. Not the difference 
in height and the reduction of the root systems 
six months after inoculation. Plants were 
maintained in the greenhouse at 20-22 C. 

Figure 16. Root systems of a pair of sugar maple 
seedlings maintained in a greenhouse at 
20-22 C. 
Left: Control. 
Right: Six months after inoculation with 
100 Qrtppreroaiaga sp. 
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N 
ip. Dry root weights of sugar maple seedlings 
_6 months after inoculation with either Criconemoides sp. 
or 100 Hemicycliophora sp. a/ 
■t'air Criconemoides sp. Hemicycliophora sp. 
number Control b/ Inoculated Control b/ Inoculated 
(g) (g) (g) (g) 
1 11.7 4.4 4.4 3.8 
2 6.9 2.0 7.8 6.0 
3 10.3 3.8 7.8 7.0 
4 7.2 3.6 7.0 6.0 
5 5.5 2.0 3.5 2.7 
6 4.0 2.0 4.8 2.8 
7 7.6 3.0 2.1 .7 
8 6.9 .5 6.1 2.0 
9 7 * 6 4.0 5.4 4.1 
10 '6.8 2.8 2.1 2.0 
a/ - Plants were maintained in a greenhouse at 20-22 C. 
V - By using the Student’s paired method the 
between control and inoculated plants are 
differences 
significant 
at the 1 °/c level. 
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from 3 pots? Criconemoldes sp. was recovered from 9 pots and their num¬ 
ber was higher than that of Hemlcvcll .phora sp. The nematode popula¬ 
tions of both species recovered were never as high as the populations 
added initially • 
The number of Hemlcvclloohora sp, and Criconemoldes sp. re¬ 
covered from pots containing sugar maple seedlings that were maintained 
in a greenhouse at 22-28 C is given in Table 13. Criconemoldes sp. was 
recovered from only 3 pots, and Hemicvcllophora sp. was not recovered 
from any of the inoculated pots. 
Forest soil containing estimated populations of either Crico- 
nemoides sp. or Hemicycllophora sp. or both was placed In pots in the 
greenhouse at various temperatures. After 6 months, populations were 
measured to determine the longevity of these plant-parasitic nematodes 
in soil without plants. The number of Criconemoldes sp. recovered from 
fallow soil containing an original population of 400 individuals per pot 
is given in Table 14. Criconemoldes sp. were recovered from nine of 
10 pots but less than 25% of the original populations survived for the 
six-month period. 
The number of Hemicvcllophora sp. recovered from fallow soil 
containing an original population of 50 nematodes per pot is given in 
Table 15. Hemicvclioohora sp. was recovered from 3 of the 10 pots and 
less than 3% of the original populations survived for the six-month 
period. 
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Table 11. Number of Criconemoides sp and Hemicycliophora sp. 
recovered from inoculated pots containing sugar maple 
seedlings at 20-22, C. a/ 
Pot 
number b/ 
Criconemoides sp. Hemicycliophora 
1 30 10 
2 10 11 
3 38 ’ 5 
4 200 37 
5 605 2 
6 10 * 145 
7 102 35 
8 12 43 
9 25 43 
10 21 5 
a/ — Plants were maintained in a greenhouse for 6 months, 
h/ - Each plant was inoculated with either 100 Cricone¬ 
moides sp. or 100 Hemicycliophora sp. 
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Table 12 . Number of Criconemoides sp. and Hemicy- 
cliophora sp. recovered from inoculated pots con¬ 
taining sugar maple seedlings at 20-22 C. a/ 
Pot Criconemoides sp. b/ Hemicycliophora sp. b/ 
number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
23 
0 
16 
45 
1 
25 
7 
45 
2 
10 
0 
0 
0 
2 
0 
0 
0 
2 
0 
1 
a/ - Plants were maintained in greenhouse for 6 months. 
b/ - Each plant was inoculated with 50 Hemicyclioohora sp. 
and 50 Criconemoides sp. 
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Table 13. Number of Criconemoides sp. and Hemicy 
cliophora sp. recovered from inoculated pots con¬ 
taining sugar maple seedlings at 22-28 £. a/ 
Pot Criconemoides sp. b/ Hemicycliophora sp. b/ 
number 
1 0 
2 4 
3 1 
4 1 
5 0 
6 0 
7 0 
8 0 
9 0 
10 0 
a/ - Plants were maintained in 
* 5/ - Each plant was inoculated 
and 50 Criconemoides sp. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
greenhouse for 6 months, 
with 50 Hemicycliophora sp. 
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Table 14. Survival of Criconemoides sp. in -pots 
without plants at 20-22 C. a/ 
Pot Number Nematodes 
number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
30 
0 
6 
12 
24 
18 
72 
42 
42 
6 
a/ - Pots v/ere maintained in a greenhouse for 6 months. 
b/ - The initial population of Criconemoides sp. was 
estimated to be 400 Nematodes/pot. 
r 
Table 15. Survival of Hemicycliophora sp. in pots 
without plants at 20-22 C. a/ 
Pot Number Nematodes 
number b/ 
1 4 
2 4 
3 0 
4 0 
5 4 
6 0 
7 0 
8 0 
9 0 
10 0 
a/ - Pots were maintained in greenhouse for 6 months, 
b/ - The initial population of Hemicycliophora sp. was 
estimated to be 60 Nematodes/pot. 
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The number of nematodes recovered from fallow soil containing an 
Initial population of 200 Crlconemoldes sp. and 50 Hemlcvcliophora sp. 
per pot respectively and maintained in the greenhouse at 20-22 C is 
given in Table 16. Crlconemoldes sp. were recovered from all the pots 
and Hemlcvcliophora sp. was not recovered from any pot. Less than 
12% of the original populations of Crlconemoldes sp. survived for the 
six-month period. When the pots were maintained at 22-28 C, no 
Hemicycliophora sp. were recovered from any pot and Crlconemoldes so. 
were recovered from only 5 pots (Table 17 ). 
Hemicycliophora sp. did not survive in the presence of Crico- 
nemoldes sp. at either temperature. More Criconemoldes sp. survived 
at the cooler than at the wanner temperature. 
B* Plant lnoculatiQRgj^th Xiphinema americanum. Sugar maple 
seedlings were grown in glass Jars containing sand or forest soil. Ten 
plants grown in sand and 10 plants grown in forest soil were each inocu¬ 
lated with 100 &&frinerfl? americanum. Ten jars containing sand and 10 
jars containing forest soil without plants were also inoculated. 
Twenty-five days after inoculation with &. americanum .leaves of 
3 of the 10 sugar maple seedlings growing in steamed forest soil appeared 
lighter than normal. Thirty-seven days after inoculation, chlorosis was 
evident on two sugar maple seedlings growing in sand and 7 seedlings 
growing in forest soil. At this time , 2 additional plants growing in 
Table 16. Survival of Criconemoides sp. and Hemicy- 
cliophora sp. in pots without plants at 20-22 C. a/ 
Pot Number Nematodes/pot 
number Hemicycliophora b/ Criconemoides b/ 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
32 
16 
52 
5 
9 
16 
12 
32 
32 
24 > 
a/ - Pots were maintained in greenhouse for 6 months. 
b/ - The initial population of Criconemoides sp. and 
Hemicycliophora sp. was estimated to be 200 and 
50 nematodes/pot respectively. 
Table 17. Survival of Criconemoides sp. and Hemicy- 
cliophora sp. in pots without plants at 22-28 C_. a/ 
Pot Number Nematodes/pot 
number Hemicycliophora b/ Criconemoides b/ 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
4 
0 
0 
0 
0 
0 
4 
8 
a/ - Pots were maintained in greenhouse for 6 months. 
b/ - The initial population, of Criconemoides sp. and 
Hemic.ycliophora sp. was estimated to be 200 and 50 
nematodes/pot respectively. 
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forest soil showed "wrinkles’* on the lobes of the leaves. 
Forty-two days after inoculation 2 sugar maple seedlings growing 
in forest soil and 4 seedlings growing in sand exhibited marginal leaf 
scorch. One week later, the scorch covered half of the surface of ail 
leaves. Eighty days after Inoculation, when the experiment was ter¬ 
minated, 5 plants growing in forest soil showed leaf scorch, 3 plants 
showed wrinkles on the leaves, cm© plant showed chlorosis, and one 
plant was normal in appearance. At die same time, 7 sugar maple 
seedlings in sand had marginal leaf scorch (Fig* 17 ), 2 plants showed 
chlorosis and one plant had dead foliage because scorch covered the 
entire leaf surface. 
None of the control plants growing in forest soil showed any 
symptoms of injury, except for 2 plants that had light green foliage at 
the end of the experiment. One of the control plants growing in sand 
died 3 weeks after Inoculation and 4 plants growing in sand showed some 
chlorosis at the end of the experiment. 
The root systems of all inoculated sugar maple seedlings were 
reduced in size and those growing in forest soil were brown in color as 
well. All the sugar maple seedlings, control and inoculated, ceased to 
grow about 2 months after inoculation and therefore the experiment was 
terminated after 80 days. 
Inoculated plants growing In forest soil showed the presence of 
swellings along the sides of the roots (Fig. 18 ) and the root tips were 
Figure 17. Sugar maple seedlings grown in sterilized 
sand in a growth chamber at 20*21 C. 
Left: Control 
Right: Seedling inoculated with 100 
Xiphinema americanujB.* Note the 
marginal leaf scorch 80 days after 
inoculation. 
r 

Figure 18. Portion of a root system of a sugar maple seedling 
grown in sterilized forest soil 80 days after it was 
inoculated with 100 Xiphlnema amerlcanum. The 
plants were kept in a growth chamber at 20-21 C* 
Note the swellings of the roots. 
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frequently swollen and curled* Sometimes the swellings appeared at the 
branching point of the roots and at the region of the root hairs. These 
swellings were similar to those observed on roots of declining sugar 
maple trees in the forest. Their diameter was almost double the dia¬ 
meter of the roots on which they were observed and their length varied 
from 2-4 mm. Swellings on the root tips were 2-4 times larger than 
the diameter of the root and extended from 1 - 2 cm in length. 
Girdling lesions * similar to those observed on roots of declining 
sugar maple trees, were usually found on young roots, where no swel¬ 
lings were observed. Xn some cases, however, the swellings were 
limited by girdling lesions. 
On 4 inoculated sugar maple seedlings growing in forest soil, the 
root systems were black in appearance (Fig. 19 ). Decay of portions 
of the roots was observed on 2 seedlings. 
Swellings were present on roots of 7 of the 10 inoculated sugar 
maple seedlings growing in sand whereas only a few girdling lesions 
were seen. These roots were never found to be black in color. No 
symptoms of injury were observed on roots of any control plants growing 
in either sand or in forest soil. 
The number of nematodes recovered from each of 10 jars contain¬ 
ing inoculated sugar maple seedlings or fallow soil are reported in 
Table 18. J£.» americanum was recovered from 8 jars containing sugar 
maple seedlings growing in forest soil, and from one jar containing 
Figure 19. Portion of a root system of a sugar maple seedling 
grown in sterilized forest soil 80 day© after it 
was inoculated with 100 Ushkmm American urn. 
Plants were kept in a growth chamber at 20-21 C. 
Note the presence of decaying brown and black 
roots. 
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sugar maple seedlings growing in sand* The total numbers recovered 
were less than 1% of the original inoculum levels • At the end of the 
experiment, noX. americanum were recovered from jars containing only 
sterile sand, but they were recovered from 7 jars containing only 
sterile forest soil. The populations had decreased to less than 1% 
of the original population levels in the jars. 
A few nematodes survived in forest soil, but not in sand. There 
appears to be no difference between the numbers of gmertcgam 
recovered from forest soil containing plants ami the numbers of nema¬ 
todes recovered from the same soil without plants after 80 days (Ifcble 
18 ). No individuals Qt&. americanum. except in one case, survived 
in sand with or without plants. The sand did not seem to be a suitable 
medium for this nematode species. Similar observations were made 
with vermiculite for diversicaudatum by Schindler {1957 ), who, after 
33 and 42 days recovered only dead specimens and suggested that ver- 
miculate was an unsuitable substitute for soil in experiments with this 
nematode. 
C. Sugar maple trggs_iooculata<i with forest soil. Ten sugar 
maple trees growing in steam sterilised soil in the greenhouse were 
inoculated with soil taken from around the roots of declining sugar maple 
trees in the forest. 
From April 1965 to May 1966 no differences in growth were detected 
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Table 18 . Xiphinema americanum recovered from glass 
jars containing sand or forest soil with or without 
plants 80 days after inoculation, a/ 
Jar Number of nematodes/jar 
number b/ With plants Without plants 
forest Sand forest Sand 
soil soil 
1 2 
2 4 
3 1 
4 0 
5 3 
6 1 
7 1 
8 0 
9 2 
10 2 
0 10 
14 0 
0 0 0 
0 2 0 
0 3 0 
0 10 
0 10 
0 0 0 
0 0 0 
0 2 0 
a/ - Jars were maintained in a growth chamber at 20-21 C. 
b/ - Each jar was inoculated with 100 X* americanum. 
so 
between the controls and trees inoculated with forest soil. From June to 
October 1966, however, 8 of the trees that had been inoculated with 
forest soil showed “wrinkles" on the leaves (Fig. 20 ). "Wrinkles ' 
first appeared on the lower leaves of the trees in June and could be seen 
on most of the leaves by the end of July, Usually, only the leaves on a 
few branches were affected and rarely was all the foliage on the tree 
affected. In October when the leaves were showing the characteristic 
autumn color, the wrinkled area remained green. These areas eventu¬ 
ally became red and finally died. 
The foliage on the inoculated trees was light-green in August. In 
some cases growth stopped and the leaves died in autumn without chang¬ 
ing color. Two of the 10 inoculated trees showed leaf scorch in August 
(Fig. 21). The scorch of the two affected trees was marginal on all 
the leaves and then progressed to cover about one half of the leaf. 
These leaves then turned yellow and the trees were defoliated about two 
weeks later (Fig. 22 ). 
The root systems of these 2 trees were reduced in size and dark 
brown in color (Fig. 23 ). Girdling lesions, swellings and black roots 
were also observed on root systems from defoliated trees. Root systems 
of control plants were light in color and had abundant feeder roots. The 
root systems of the remaining 8 sugar maple trees observed in May 1967 
were reduced in size and brown or black in color. Abundant swellings 
on older roots reached up to 5 cm in length. Root tips were devitalized 
Figure 20. Upper: Leaf of a sugar maple tree growing in a 
greenhouse in forest soil containing a popula 
tion of Xlphinema americanum 13 months after 
inoculation. Note the wrinkled appearance 
at the lobes of the leaf. 
hsmD Cross section of the wrinkled area. 

Figure 21. Sugar maple tree Inoculated with forest soil 
containing a population ofJC, amerlcanum and 
maintained in the greenhouse at 21-28 C. 
Picture taken 16 months after inoculation. Note 
the marginal leaf scorch on all leaves. 
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Figure 22. 
Figure 23. 
Sugar maple trees inoculated with forest 90il 
in greenhouse at 20*23 C. 
Left: Sugar maple tree growing in sterilized 
forest soil. 
Right: Sugar maple tree growing in non* 
sterilized forest soil containing a 
population of Xiohinema ame&canuin. 
Note complete defoliation of the tree 
16-1/2 months after inoculation . 
Left: Root system of a sugar maple tree 
growing in sterilized forest soil. 
Right: Root system of a sugar maple tree 
growing in non-sterilized forest soil 
containing a population of %i£hte§jm. 
americanum, 17 months after inoculation. 
Note the reduction of the root system and 
the dark brown color of the roots. 
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and most of the time they were separated from the healthy portion of the 
root by a girdling lesion. These lesions were abundant on young roots 
and commonly observed at the branching point of the root. Swellings 
of the root tips were observed in a few cases. In many cases the roots 
were devoid of feeder roots, except for a few clusters (Fig. 24 ). Often 
the cortex of these roots was partially removed exposing the vascular 
elements (Fig. 25 ). In contrast, the root systems of ail the control 
plants were light in color with a dense mat of feeder roots. 
The fluctuation of populations of aiaericanum around the roots 
of sugar maple trees inoculated with forest soil is shown in Figure 26. 
The total number of americanum was calculated by processing 10 
100-g aliquots of soil by the sugar flotation method and relating this to 
the total amount of the soil contained in each box in which the sugar 
maple trees were growing . The populations of £. amerlcanum from April 
1965 to October 1966 represent the average number of nematodes recov¬ 
ered from around the roots of 10 trees, whereas, the average number of 
nematodes recovered in January and in April 1967 are from 8 trees. 
No Xj^frlneroa &roerlcam*m were recovered from the soil of inocu¬ 
lated trees from August to December 1965. However, they were recovered 
in August 1966. An increase in the size of the populations of X.ameri- 
canum was observed from December 1965 to October 1966 where the 
populations reached a high level of 7,560 individuals per box. A de¬ 
crease in the population size was observed from October 1966 to January 
Figure 24. Portions of root systems of sugar maple trees 
growing in the greenhouse 24 months after 
inoculation. 
Lefts Control 
Right: Inoculated with forest soil containing 
a population of Xighlnem.a, * 
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Figure 25. Portions of lateral roots of sugar maple trees 
24 months after inoculation with forest soil 
containing a population of Xiphineroa americanum 
in greenhouse. Note the cortex of the roots 
partially lost {arrows ). 
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Figure 26. Fluctuation of populations of 
americanum around the roots of sugar maple 
trees growing in forest soil in the greenhouse. 
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1967, and then it increased again in April 1967. The more severe symptoms 
of injury on trees were associated with larger nematode populations. No 
plant-parasitic nematodes were recovered from the soil taken from around 
the roots of control plants. 
£§gcLl-Q9 olXlphinama amerjcanuin in root observation boxes. Ini¬ 
tial attempts to observe X. amerlcanum feeding on the roots of sugar 
maple trees growing in the greenhouse in forest soil were unsuccessful. 
Neither careful washing nor treatment of soil with formalin revealed any 
nematodes attached to roots. 
Immediately after the roots of sugar maple seedlings growing in 
observation boxes were inoculated with a population of &. gmari^agii^ r 
the nematodes moved around the roots near the point of inoculation and 
soon disappeared in the soil of the boxes. During the first 15 days 
after inoculation, only a few nematodes were seen through the glass 
sides of the boxes and these were moving randomly or were quiescent 
with their anterior and posterior ends against a root (Fig. 27 ). Occa¬ 
sionally nematodes were seen attached to roots with their bodies con¬ 
tracting rhythmically. At other times, the anterior part of the nematodes 
moved laterally with the stylet protruding and they appeared to be touch¬ 
ing the surface of the roots with their stylets. Small numbers of 
individual amerlcanum specimens were observed in this position for 
ten to 15 minute periods before they abandoned the roots and disap¬ 
peared in the soil. 
Figure 27. Xlphinema emeries nua? feeding on the root of 
sugar maple seedling in an observation box. 
X 150. Note the head of the nematode 
(arrow ) against root cells 
-c 
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When the cycle in the growth chamber was reversed, having the 
dark period during the day, more X. amerlcanum were seen to move around 
the roots or stop against the roots. Twenty-three days after inoculation, 
one amerlcanum was seen with its anterior part attached to the side 
of a root (Fig, 27 ). Close observation with a compound microscope 
revealed that the stylet was moving rhythmically forward and backward. 
The movement of the stylet was accompanied by contractions of the 
esophagus. These contractions were clearly visible at the base of the 
stylet and very rapid, approximately 100 contractions per minute having 
been counted. Similar contractions were observed laterally to the sty¬ 
let, above the spear extensions. These contractions were so rapid that 
they were difficult to count, but were approximately double the number 
of contractions of the esophagus below the base of the stylet. These 
contractions were probably those of the dilatores bucci muscles, as 
recently described by Roggen, Raski and Jones (1967 ) for X. index. 
About 3/4 of the stylet length was visible but its tip was never observed. 
As contractions continued, droplets, presumably plant material, were 
seen to accumulate at the base of the spear extensions. These droplets 
disappeared soon after they were formed. Three to 5 of these droplets 
were visible at any one time during observation periods that lasted as 
much as 25 minutes, until the nematodes moved away from the root. 
Feeding may have been disturbed by the microscope light, as was ob¬ 
served by Fisher and Raski (1967 ) on the feeding of index and JC. 
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diversicaudatum. These workers observed that switching on the micro¬ 
scope light or moving the petri dish in which they were observing feed¬ 
ing disturbed the nematodes. 
Sugar maple seedlings growing in the 8 observation boxes that were 
inoculated with populations of X. amerlcanum showed chlorosis and 
wrinkles" on the leaves* Leaf scorch was also observed on some seed¬ 
lings* Fifteen days after inoculation* root swellings were observed 
(Fig, 28 )• Two months later the swellings were more evident, root tips 
were devitalized and feeder roots were reduced in number (Fig, 29 ), 
Portions of the roots of all the Inoculated seedlings were black 
in color and girdling lesions were present. Ten to 15 amerlcanum 
were recovered from the soil in each observation box at the end of the 
experiment, 2 months after inoculation. Plants growing in the 4 boxes 
that were not inoculated showed no symptoms of injury and no plant 
parasitic nematodes were recovered from the soil of these boxes. 
No fungi were isolated from the girdling lesions. 
Attempts to <ie.t8s.t.SQil-b0^_Yto»s.ee• A. Observations on 
Indicator plants growing In forest soil. Forest soil was collected from 
5 areas in one test and from 4 areas in another test. Sugar maple trees 
growing in these areas showed symptoms of decline. Mustard and cu- 
cumber plants were grown in these soils and control plants were grown 
in the same soil that had been sterilized. 
Figure 28. Root swelling observed on a sugar maple 
seedling growing in an observation box in a 
growth chamber at 20-21 C, IS days alter 
inoculation with MsMmm 
X 75. 
92 
■s 
Figure 29, Roots of sugar maple seedling growing in an 
observation box, two months after inoculation 
with a population of mMsmw • The 
plants were maintained in a growth chamber at 
20-21 C, Note the presence of black roots, 
swellings and a devitalized roof tip separated 
by a girdling lesion. 
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Cucumber and mustard plants grown for 45 days in the 5 non- 
sterilised forest soils were stunted and their foliage was light green in 
color* Intense leaf chlorosis accompanied by necrotic spots near the 
veins developed after 25 days in 1-3 mustard plants grown in 4 of the 
soils* At the same time irregular chlorosis was observed on leaves of 2 
and 4 cucumber plants grown in soil taken from 2 areas. 
When the leaves of the mustard plants grown in non-sterilized 
ibrest soil were indexed for virus on the leaves of 10 healthy mustard 
plants, the leaves of 4 of these plants developed overgrowths one week 
after inoculation. These overgrowths were confined between the veins 
and in some cases they extended transversely as strips, to cover the 
entire width of the leaves. Two to 4 strips were observed on each of 
the affected leaves. Paraffin sections of these overgrowths showed 
hyperpl asias with some hypertrophy of the cells and in some cases a 
rupturing of the upper epidermis of the leaf (Fig. 30 ). These symptoms 
remained localized on the leaves that were inoculated during the observ¬ 
ations. When the juice extracted from these leaves was transferred to 
10 other healthy mustard plants, the leaves of 5 of these showed simi¬ 
lar symptoms 5 days after inoculation. 
When the leaves of cucumber plants were Indexed for virus cm the 
leaves of 10 healthy cucumber plants, the first 2 leaves of 2 cucumber 
plants developed necrotic spots near the veins 10 days after inocula¬ 
tion. These spots remained localized on the leaves that were Inoculated. 
Figure 30* Upper: Cross section of mustard leaf that was 
inoculated with juice extracted from leaves of 
mustard plants growing in non-sterilized forest 
soil taken from around the roots of declining sugar 
maple trees. Two overgrowths are evident on both 
sides of the mid-rib. Note that at right the 
epidermis covering the overgrowth is broken. X75. 
Lower: Close view. Note the excessive 
hyperplasia with some hypertophy. X 150. 
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Control plants did not show any symptoms. 
When the same experiment was repeated with forest soil taken 
from 4 areas, the leaves of 2 mustard plants and 3 cucumber plants grow¬ 
ing in only one of the 4 soils became chlorotic. When the juice extracted 
from these leaves was used to inoculate leaves of 10 healthy cucumber 
plants, the leaves of 2 plants developed necrotic spots on the foliage 
8 days after inoculation and at the end of the experiment the leaves of 
4 of these plants were affected. 
When the juice extracted from the chlorotic leaves of mustard 
plants was used to inoculate 10 healthy mustard plants, no symptoms 
of injury developed on the leaves of these plants. 
America,mgs.» Plants of mustard, Qhenopodlum. black-eye cow pea and 
cucumber were grown for 28 days in sterilized sand in the greenhouse. 
The plants of each species were inoculated with XiPhinema 
and 10 control plants were not inoculated. Some of the inoculated plants 
showed symptoms of Injury during the observations. The leaves of 4 
mustard plants were deformed, curled and thickened 15 days after inocu¬ 
lation. The leaves of 3 black-eye cow pea plants developed discolored 
areas mixed with small necrotic spots about one mm in diameter and the 
new leaves were yellow in color, small and curled, 28 days after inocu¬ 
lation. The first leaf of one cucumber plant developed lnregular chlorosis 
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IB days after inoculation and at the end of the experiment all the foliage 
was affected* No symptoms of injury developed on Che nopodium. 
The juice was extracted from leaves and from roots of all 4 indi¬ 
cator plant species and used to inoculate the leaves of 8 plants each of 
healthy mustard, Chenopodium, cucumber and black-eye cow pea grow¬ 
ing in steam sterilized soil in the greenhouse. 
The first pair of leaves of 2 mustard plants inoculated with juice 
extracted from the roots of mustard plants turned yellow within 10 days 
after inoculation and died one week later. The rest of the leaves were 
normal in appearance and no other symptoms of injury were observed 
during the experiment. 
The leaves of 4 mustard plants inoculated with juice extracted 
from the roots of black-eye cow pea plants developed chlorotic and 
necrotic spots near the tips of the older leaves 3 weeks after inocula¬ 
tion. The young leaves were not affected. 
The leaves of 3 cucumber plants inoculated with juice extracted 
from the leaves of cucumber plants developed necrotic spots 15 days 
after inoculation. These spots were at first localized at the tip of the 
inoculated leaves but the new leaves had developed similar spots at 
the end of the experiment. 
No symptoms of injury developed on any of the 4 indicator plants 
inoculated with juice extracted from leaves or from roots of Cheno- 
podium plants that had been inoculated with X. americanum. 
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Control plants did not show any symptoms, except for 2 cucumber 
plants inoculated with juice extracted from the roots of control cucumber 
plants. These plants developed necrotic spots near the end of the experi¬ 
ment which were similar to those observed on inoculated cucumber plants* 
At the end of the experiment* no X. afliericanup} were recovered 
from the sand in the jars that had been inoculated* 
c* Lqagxiag with sugar mapte seedlings, inoculated with xiohi- 
Htum * Juice from wrinkled leaves of sugar maple seed¬ 
lings that had been inoculated with Xlohlnama frpiariffipufp in the observ¬ 
ation boxes was used to inoculate leaves of 10 healthy sugar maple 
seedlings • 
The young leaves of five seedlings developed wrinkles two weeks 
after inoculation. When the juice extracted from these leaves was used 
as inoculum on the leaves of 10 other maple seedlings, the same symp¬ 
toms developed on the leaves of 8 plants 3 weeks after inoculation. 
When the juice from these leaves was used to inoculate 10 more sugar 
maple seedlings, no wrinkles developed on the leaves of the inoculated 
seedlings; however, all the plants became reduced in size (Fig. 31). 
D* lafedhq ytift extracted from leaves and from roots of 
mm MQPlS growing in ferest^Uin the greenhouse * Juice was 
extracted from wrinkled leaves taken from sugar maple trees growing in 
the greenhouse in non-sterilized forest soil containing a population of 
Figure 31. Sugar maple seedlings 2 months after they had 
been inoculated with juice extracted from leaves 
of other sugar maple seedlings inoculated with 
XlPhinama aroerlcanum. Plants were maintained 
in a growth chamber at 20*21 C. 
Lett; Control, 
Right: Inoculated. 
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&• americanum and It was used to inoculate the first pair of leaves of 
10 sugar maple seedlings growing in a growth chamber. The young leaves 
of six of these seedlings developed wrinkles two weeks after Inoculation. 
By the end of the experiment, all the new growing leaves were affected. 
When the juice extracted from these leaves was transferred to the leaves 
of 10 other sugar maple seedlings, similar symptoms developed on 5 
seedlings, 3 weeks after inoculation. 
Juice extracted from the roots of sugar maple trees growing in the 
greenhouse in non-sterilized forest soil was used to inoculate the cotyle¬ 
dons of 14 cucumber plants and the first pair of leaves of 14 mustard 
plants growing in steam-sterilized soil. Sometimes the plants were 
shaded prior to inoculation and sometimes not. 
The first 2 leaves of 2 cucumber plants that were shaded prior to 
inoculation developed light green foliage 10 days after inoculation and 
5 days later, necrotic spots appeared on these leaves. The spots were 
scattered or confined to the margins of the leaves. At first they were 
small and separated from each other but later they increased in size and 
coalesced (Fig. 32 ). The developing leaves of these plants were small 
in size and deformed one month after inoculation (Fig. 33 ). No necro¬ 
tic spots were observed on these leaves. Similar spots were also 
observed on 5 other inoculated cucumber plants, but they were fewer 
in numbers. When the juice extracted from these plants was used as 
Inoculum on the cotyledons of IS cucumber plants growing in greenhouse 
Figure 32 Cucumber plants one month after inoculation with 
juice extracted from the roots of sugar maple trees 
growing in the greenhouse in forest soil containing 
a population of m3JlWmL* Plants were 
inoculated at the cotyledon stage. Hot© the 
abundance of necrotic spots on the first leaves 
of the plants. 
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Figure 33* Leaves of cucumber plants inoculated with 
juice extracted from the roots of sugar maple 
trees growing in the greenhouse in forest soil 
containing a population ofJK. OTgjflffaBMffi. 
Cucumber plants were inoculated at the 
cotyledon stage, one month before this 
picture was taken. 
Upper: Control. 
Lower: Inoculated. 
Note the malformation of the 
leaves. 
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and 10 cucumber plants growing in the growth chamber, similar spots de¬ 
veloped on the leaves of 4 plants in the greenhouse and on 6 plants in 
the growth chamber 18 days after inoculation. Twenty-three days after 
inoculation 10 plants in the greenhouse and eight plants in the growth 
chamber were affected. 
No symptoms of injury developed on leaves of mustard plants. 
When cucumber and mustard plants were not shaded prior to inocu¬ 
lation, no symptoms of injury developed on the leaves of the cucumber 
plants and the first pair of leaves on only one mustard plant developed 
necrotic spots 10 days after inoculation. Ten days later these leaves 
became yellow in color. 
When the juice from the roots of sugar maple trees, extracted in 
nicotine sulfate, was used to inoculate 14 mustard plants and 14 cucum¬ 
ber plants, 2 leaves of one cucumber plant developed overgrowths on 
the midribs, accompanied by necrotic spots near the veins of these 
leaves, 12 days after inoculation. Paraffin sections of the affected mid¬ 
rib showed hypertrophy and hyperplasia of the cells (Fig. 34 ). 
The necrotic spots observed on the leaves of indicator plants 
were similar in all the experiments. 
In all experiments, control plants did not show any symptoms of 
injury, except for the one case already mentioned. 
A summary of ail the symptoms obtained during experiments with 
viruses is presented in Table 19. 
Figure 34, Top: Cross section of a midrib of a cucumber 
ieaf one month after the cotyledons of 
this plant were inoculated with juice 
extracted from the roots of sugar maple 
trees growing in the greenhouse in 
sterilized forest soil, X 75, 
Bottom: Cross section of a midrib of a cucumber 
leaf one month after the cotyledons of this 
plant were Inoculated with juice extracted 
from the roots of sugar maple trees grow¬ 
ing in the greenhouse in non-sterilized 
forest soil. Note the hypertrophy and 
hyperplasia. X 75. 
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CHAPTER V 
DISCUSSION 
Papulations of plant-parasitic nematodes are known to fluctuate 
during the seasons and this phenomenon has been attributed to several 
factors such as soil type, soil moisture, and temperature. The in¬ 
creased hatching of Heterodera sp. in the Spring has been attributed to 
a combined effect of increased moisture and rising temperature (Wallace, 
1963 ). 
In this study, higher populations of Xlphlnema amerlcanum were 
recovered in April and in October. Griffin and Darling (1964 ) found 
higher populations in the Spring and in the Fall. The authors attributed 
the two higher populations to the "ripening” of the eggs during the sum¬ 
mer and the winter when dry conditions were present, and Ward (1960 ) 
suggests that the chief factor limiting the increase of amerlcanum 
populations is soil moisture. Dropkin £$ gi. (1958 ) found that the 
hatching of H§tergd§£§ roslochiensls was inhibited by increasing the 
osmotic pressure of the media in which observations were made. An 
increase in osmotic pressure occurs in the soil under dry conditions. 
Other conditions may also influence the seasonal fluctuation of nema¬ 
todes such as an Incubation period for the eggs before hatching. 
Shepherd (1962 ) reports the existence of a dormant period in the sea¬ 
sonal hatch cycle of S. . which is influenced by the soil 
no 
conditions. 
Higher numbers of £. araerlcanum were recovered from the A soil 
horizon than from the B soil horizon. This difference may be attributed 
to the fact that sugar maple roots are more abundant in the A soil hori¬ 
zon, providing feeding sites to £. americonum. Griffin and Darling 
(1964 ) found that populations of amerlcanum were higher at the 
depth of 0-12 cm, and Krebill . (1967 ) reported that more ameri- 
jSindividuals were recovered at the depth of 6-13 cm and that the 
populations decreased as depth of the sampling was increased. 
Higher numbers of Cilconemoldes sp. were recovered in the Spring 
and in the Fall from A soil horizon, but there was a continuous increase 
in the population counts in the B soil horizon during the investigation. 
A difference in soil moisture and soil temperature in the two soil hori¬ 
zons might have been responsible for the observed fluctuation. The A 
soil horizon is subjected to temperature and moisture changes more than 
the B soil horizon. The moderate fluctuation of these two ecological 
factors in the B soil horizon might have permitted a continuous build-up 
of sp. populations. During the month of August, where 
dry conditions occurred, the number of Crlconemoldg^ sp. recovered 
from the A soil horizon was lower than that recovered from the B soil 
horizon. It is possible that nematodes migrated from the A soil horizon 
to the B soil horizon, or reproduction in the B horizon continued. 
The highest numbers of amsrlcanurp individuals were recovered 
Ill 
from around the roots of moderately declining sugar maple trees suggest¬ 
ing that populations of these nematodes were building up around the 
roots of such trees. The fact that lower numbers of nematodes were re¬ 
covered from around the roots of severely declining trees, showing ex¬ 
tensive root injuries, suggests that fewer feeding sites were available 
to £. amerlcanum. This hypothesis is supported to some extent by the 
fluctuation of X. amerlcanum in the greenhouse, where populations 
reached a high level and then diminished. The decrease observed might 
have been due to damage of roots during the experiment. More sampling 
is needed to confirm this explanation. 
The lower number of X. amerlcanum recovered from around roots 
of apparently healthy sugar maple trees suggests that populations may 
not have built up as yet. It would have been helpful to continue the 
sampling around these trees to see if the population of X. amerlcanum 
increases with time and if injury becomes evident. 
Krebill §1. (1§S7 > found higher populations of amerlcanum 
around apparently healthy jack pine than around the roots of dead trees. 
The authors suggest that X. amerlcanum is not a major cause of decline 
in jack pine plantations in Wisconsin. This conclusion is also based 
on the fact that pathogenicity tests reduced tree vigor only slightly. 
It would have been helpful to sample trees that were starting to show 
symptoms of decline to see if higher numbers of amerlcanum were 
found around die roots of these trees* As the present study indicates, 
112 
higher numbers of X. americanum are not found around roots of healthy 
or severely declining trees, but around roots of trees starting to show 
symptoms of decline. 
The fluctuation of Griconemoldes sp. populations, at the three 
levels of injury, reflects the same pattern observed for americanum 
populations and the explanation on the basis of feeding sites may also 
be applied for this species. Higher numbers of Griconemoldes sp. were 
recovered in April around the roots of severely declining trees, whereas, 
from around the roots of healthy and moderately declining trees, higher 
numbers were recovered in June. It is possible that the increase of 
.Griconemoldes sp. populations observed in April was due primarily to 
hatching of eggs. Probably the newly hatched larvae did not find enough 
feeding sites on injured roots and consequently died. 
Populations of Bemlcvcllophora sp. did not fluctuate as those of 
either Griconemoldes sp. or americanum, except that lower numbers 
of Hemicycliophor^ sp. were recovered from around the roots of severely 
declining trees. 
An antagonism between Griconemoldes sp. and Hemicvcliphora sp. 
may exist under certain conditions* Soil samples taken from around the 
roots of 10 sugar maple trees yielded one of the two nematode species in 
8 cases (Table 5 ). In two other cases, both species were recovered 
from the same soil sample, but at later sampling dates, oniy on© of the 
two species was found. When sugar maple seedlings were inoculated 
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with Criconemoldes sp. alone, individuals ware recovered from all 10 
pots at the end of 6 months (Table 11), and in at least 3 of these pots, 
populations were higher than the original inoculum. When seedlings 
were inoculated with Hemlcycllophora sp. alone these nematodes were 
recovered from ail 10 pots (Table 11), and in at least one pot, tne popu¬ 
lation was higher than the original inoculum. When sugar maple seedlings 
were inoculated with a mixed population of Criconemoldes sp. and Hemir 
cycliophora sp., Hemicvcliophora sp. was recovered from 3 pots only, 
whereas Criconemoldes sp. was recovered from 9 of 10 pots at the end 
of the 0 month period. Xn both cases, however, the number of nematodes 
recovered was never as high as the original inoculum (Table 12 ). 
Because of the possible antagonism between Criconemoldes sp. and 
Hemlcycllophora sp., any explanation for the seasonal fluctuation of 
Hemlcycllophora sp., implicating edaphic factors only, will not be 
completely valid. The fluctuation of Kemicvcliophora sp. populations 
should be studied in areas where Criconemoldes sp. are absent. In this 
study Hemlcycllphora sp. was recovered from around the roots of 13 
sugar maple trees and soil samples taken from around 10 of these trees 
contained populations of either Criconemoldes sp. or Hemicvcliophora 
sp., but seldom together. One genus or the other predominated or oc¬ 
curred alone around a given tree at a given time, but there was no appar¬ 
ent correlation between time of year or environmental conditions, and 
the genus found. 
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Griffin and Darling (1964 ) suggested an antagonism between &* 
americanum and Qriconemoidep sp., which the authors attributed to 
creation by X. americanum of undesirable feeding sites for grlggnsmolsteff 
sp. It is possible that Hemlcvcllophoca sp. and Q&G22m&&m. «P* may 
compete for food, considering that both nematode species are sedentary 
ecto-parasites and are closely related, belonging to the family Crico- 
nematidae. 
Maple decline symptoms are characterized by yellowing of the 
leaves and sometimes by leaf scorch followed by premature defoliation 
and death of twigs and branches. These symptoms were associated with 
root injuries, which might have been responsible for the symptoms ob¬ 
served on the crown of declining sugar maple trees. 
Sugar maple seedlings inoculated with americanum specimens 
developed symptoms of decline similar to those observed on the foliage 
and on the root systems of naturally declining trees. Girdling lesions 
and root swellings were reproduced in all the experiments, except in 
one test in which no X* americanum individuals survived. Black and 
decayed roots developed on inoculated sugar maple seedlings growing 
in sterilized forest soil in the greenhouse. Complete defoliation occur¬ 
red in the greenhouse only. 
This study shows that all the root symptoms associated with maple 
decline can be produced by &. americanum. One can only speculate on 
the sequence of the various symptoms associated with the presence of 
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£• amerlcanum. Evidence would suggest that the symptoms observed 
may be related to the susceptibility of the roots where feeding occurs 
and to the length of feeding time. Roots of sugar maple seedlings ino¬ 
culated and growing in sand in the growth chamber developed lesions 
and swellings only, and, since only one nematode was recovered from 
only one of these seedlings at the end of the experiment, it suggests 
that nematodes fed on the roots for a short time and consequently only 
these two kinds of symptoms were produced. This suggestion Is sup¬ 
ported by the observations on the roots of apparently healthy forest 
trees where only swellings and lesions were observed. A low number 
of X. amertcanup* were recovered from around the roots of these trees. 
When nematodes were recovered at the end of the experiment, 
black roots were observed on the inoculated seedlings growing in forest 
soil in the growth chamber and in the observation boxes, suggesting 
that nematodes fed for a longer time on these roots and consequently 
black roots were produced. The more severe symptoms developed on 
roots of sugar maple trees growing in non-sterilized soil in the green¬ 
house. In this last case populations of &. amerlcanum increased and 
were associated with the destruction of feeder roots and an extensive 
cortical breakdown cf the older roots. 
Chitwood and Oteifa (1952 ) suggest that X. ftparjcanpyp " are 
slow-reproducing ectoparasitic plant feeders which would not cause 
disease manifestations unless present over an extremely long period*. 
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Perry (1958 ) suggested that the cause of sunken reddifch-brown lesions 
was due to a mechanical injury by amerlcanum to strawberry roots and 
to a probable injection into the plants of secretions from their esophageal 
glands* This primary lesion is then invated by bacteria and fungi which 
complete the discoloration and eventual destruction of the roots. In the 
present study, no fungi were isolated from girdling lesions and it is sug¬ 
gested that nematodes alone may be responsible for these lesions. 
The general pattern of blackening if the roots suggests that se¬ 
cretions by X. amerlcanum may be involved. The blackening of roots 
may start at any point, probably where feeding occurs, and extends to 
cover the entire main root and its branches. Pitcher and Posnette (1963 ) 
picture X. dlversicaudatum with the stylet embedded in the vascular 
tissue of a fine root of Petunia hvbrida and Mountain (1954 ) reports 
that amerlcanum feeds on the vascular tissue with only the stylet 
penetrating the root surface. The nematodes may inject secretions into 
the vascular tissue which are then translocated by the plant. More stud¬ 
ios will be needed to see if secretions by X. amerlcanum are involved 
and to what extent,in the production of the symptoms observed. 
Fisher and Raski (1967 ) observed the feeding of index and &. 
dlversicaudatum and indicated possible feeding sites for these nematodes. 
They observed larvae feeding at the root tips or at the piliferous region 
of grape roots. Our studies indicate that &. amerlcanum may feed at the 
root tips, at the branching points, and along the sides of the roots. 
U7 
It has always been difficult to maintain or increase populations of 
X, amerlcanum under experimental conditions (Tarjan, 1956? Hensbrough 
and Hollis, 1957 ). Ho nematodes were recovered after an 18-month 
period from pots inoculated in the greenhouse* From forest soil inocu¬ 
lated in the growth chamber, a few nematodes were recovered after 80 
days. Krebill §t al. (1967 ) found a decrease of X. amerlcanum popu¬ 
lations after 6 months and in increase from 6 to 12 months. In this study, 
considering the short duration of the experiment, similar observations 
could not be mode. In pots kept in the greenhouse for 18 months, how¬ 
ever, this increase was not observed. In all the experiments with X, 
amerlcanum, an increase in the population counts was observed only 
around the roots of sugar maple trees inoculated with infested forest 
soil. 
It would appear that populations of X. amerlcanum are affected 
by the common methods of extraction. Similar suggestions are given 
by McGuire (1964 ). No individuals of X. amerlcanum were recovered 
from around the roots of sugar maple trees in the greenhouse during 
1965, but they were found in 1966 and 1967, Failure to recover specimens 
during 1965 may be explained in at least two ways. The initial inoculum 
level may have been too low. The 100 g of soil processed (derived from 
2 Kg of forest soil mixed with 25 Kg of field soil) would have contained 
only .02 nematodes, if all of the inoculum survived. The soil structure, 
which influences the life of the nematodes, was disturbed at the time of 
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Inoculation and only a lew individuals may have survived. Later, when 
the soil regained its structure, the eggs layed by the nematodes or those 
already present in the soil hatched and consequently the population ol 
amerlcanum increased. 
Streu &£ (1961) demonstrated that Crlconerooldes curvatum re¬ 
duced the fresh root weight ol carnation plants, but produced no local 
symptoms, except for a slight discoloration of the roots. Similar re¬ 
sults were obtained in the present study where Crlconemoides sp, 
reproduced on roots of sugar maple seedlings, causing a reduction of 
the root and top growth. 
Hemicvcllophora sp. also reproduced on sugar maple seedlings, 
causing a reduction of the root systems. This genus is known to cause 
swellings on the roots, but in the study no galls developed. This might 
have been due tp the temperature at which Hemicvciiophora sp. was 
maintained, since swellings produced on roots of rough lemon by jl. 
arenarla were pronounced only at 30 C (Van Gundy & Rackhan, 1961). 
The absence of symptoms on roots of sugar maple seedlings ino¬ 
culated with both sp. and HemlcvcUophora sp could be 
attributed to the low number of nematodes that survived in these experi¬ 
ments. 
Of those nematodes studied, the most damaging species, most 
frequently recovered from around the roots of sugar maple trees was X. 
amerlcanum. With this nematode species, Koch's postulates have been 
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partially demonstrated. )C. amerlcanum specimens were recovered from 
around the roots of all the sugar maple trees that showed symptoms of 
decline during the investigation. Sugar maple seedlings and trees ino- 
* culated with £. amerlcanum showed symptoms on the roots and on the 
foliage similar to those observed on declining sugar maple trees In the 
forest. X. amerlcanum was seen to feed on roots of sugar maple seed¬ 
lings and in at least one case, they reproduced on this host. The 
nematodes used for inoculation were not aseptic and the use of non- 
sterile inoculum is necessary until a suitable medium to culture this 
species is discovered. Numerous attempts by a number of workers, 
including myself, to obtain this species in steriie culture, have been 
unsuccessful. 
Evidence suggest that X, amerlcanum may be one of the agents 
responsible for the initiation of the symptoms of "maple decline’* in the 
areas considered in this study. Higher X. amerlcanum populations 
were recovered from around the roots of sugar maple trees starting to 
show symptoms of decline. It is probable that Injured roots are later 
attacked by other soil pathogens that complete their destruction. 
From this study, it would appear that the symptoms of "maple 
decline" observed on the crown of sugar maple trees are the result of 
reduced absorption of water and minerals by injured roots. Ecological 
factors such as drought conditions would Increase the severity of symp¬ 
toms in trees with reduced root systems. This study also suggests that 
X20 
the reduction of root systems along may not cause symptoms to decline • 
Seedlings inoculated with Q$<&iiemMd.g.8. sp. showed a great reduction 
of the root system and yet symptoms of decline did not appear, ihase 
observations suggest that secretions by amerlcanum. associated 
organisms, or a virus may also be involved in the maple decline syn¬ 
drome, Further investigations along this line are needed. 
gricoppmoides sp., as this study indicates, may contribute to the 
decline symptoms mainly by reducing the root systems and the annual 
growth of the trees. 
It does not appear that HemicycUoPhora sp. has an important role 
in the cause of "maple decline". These nematodes were recovered from 
around the roots of healthy and declining sugar maple trees and it appears 
there is no difference in population counts. They were recovered in low 
numbers, whereas a relatively high population was needed to cause some 
reduction of the root systems of sugar maple seedlings in the greenhouse 
test. 
The role of plant-parasitic nematodes in the transmission of soil- 
borne viruses is usually studied on plants known to be affected by 
viruses (Hewitt &L, 1958 ). Since no viruses have been demonstrated 
in sugar maple trees, this study was meant to search for a possible soil- 
borne virus and its possible transmission by the dagger nematode, JC, 
amerlcanum. 
Overgrowths on leaves of mustard plants and necrotic spots on 
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leaves of cucumber plants were produced as a result of Indexing with in¬ 
dicator plants growing in non-sterilized soil in on© test. These over¬ 
growths were transmitted from affected leaves of mustard plants and 
necrotic spots were transmitted from affected leaves of cucumber plants 
to healthy leaves of cucumber plants. It was not clear if the overgrowths 
were due to wounding with carborundum and if the necrotic spots were 
due to mineral deficiencies or to other unknown causes. Similar symp¬ 
toms were reproduced in black-eye cow pea plants inoculated with X. 
amerlcanum and these symptoms were transmitted to other plants by in¬ 
dexing. However, in this experiment, leaves of 2 healthy cucumber 
plants showed necrotic spots similar to those observed on leaves of ino¬ 
culated cucumber plants. If the cucumber plants were effected by a 
virus, it might have spread to healthy plants by leaf contact, or it is 
possible that these spots were of a completely different nature. Roberts 
reports that potato virus X can spread from infested to healthy plants 
when their leaves rub together and even when their leaves are not in 
contact (1946 ). No specimens of &. amerlcanum were recovered at the 
end of the experiment, but nematodes are known to transmit viruses in as 
short a time as 3 to 24 hours (Bergeson e£ ^L, 1934 ). 
Necrotic spots were also transmitted to leaves of cucumber plants 
inoculated with juice extracted from the roots of sugar maple trees grow¬ 
ing in non-sterilized forest soil containing a population of X. amerlcanum. 
These necrotic spots were transmitted to healthy leaves of cucumber plants 
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only when they were shaded prior to inoculation. It is believed that 
shading makes the plants more susceptible to virus infection (Bawden 
& Roberts, 1948 ). In on© case, when the juice was extracted in nlco- 
time sulfate solution, overgrowths of the mid-rib of leaves of one cucum¬ 
ber plant were observed. 
In all the experiments in which X. americanum individuals were 
4 
present around the roots of sugar maple seedlings or trees, wrinkles on 
the leaves developed. These wrinkles were retransmitted during index¬ 
ing to healthy sugar maple seedlings. These symptoms might have also 
been due to other causes such as environmental factors, however, since 
many forest and nursery trees, healthy or declining, had wrinkles similar 
to those observed in these experiments. It Is suggested that more 
studies are needed to characterize the factor or factors responsible for 
the necrotic spots on cucumber and of wrinkles on the leaves of sugar 
maple trees* The possibility of a soil-borne virus is suggested. 
CHAPTER VI 
mmtsx 
The most common eeta~parasitic nematodes found associated 
with ’'Maple Decline” in Massachusetts were MsMmm 
Criconemoldes sp. and HemicycHophora sp. . Higher numbers of 
americanum and Crlcoaamoldes sp. were recovered from around the 
roots of moderately declining sugar maple trees in the forest than 
around the roots of healthy or severely declining trees. 
All three nematode species parasitized the roots of sugar maple 
seedlings. X. americanum produced symptoms on the roots and on the 
leaves of sugar maple seedlings similar to those observed on roots and 
foliage of naturally declining sugar maple trees. X. amerlfigauai was 
observed feeding on the roots of sugar maple seedlings and they 
reproduced in one test. 
Criconemoldes sp. reduced the root and top growth of sugar maple 
seedlings, whereas HemicycHophora sp. reduced the root growth only. 
When a mixed population of gji&mmaides sp. and 
phora sp. was used to inoculate sugar maple seedlings in the greenhouse, 
no symptoms developed on these seedlings. The basence of symptoms in 
this case was probably due to the low survival of both nematode species. 
There appears to be antagonism between HemlcycUophora sp. and Crlco- 
nemoides sp., because both nematode species were rarely recovered from 
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the same soil sample and a few individuals survived when a mixed popu¬ 
lation of these nematodes was used as inoculum. 
It would appear that the symptoms of "Maple Decline" in the loca¬ 
tions considered in this study may be Initiated by X. americanum alone 
or associated with other disease producing organisms or with a virus. 
Other soil pathogens may also be involved at a later stage Increasing 
the severity of symptoms, which may become worse under unfavorable 
ecological factors, 
Criconemoldes sp. may contribute to the decline symptoms, mainly 
by reducing the root systems and the annual top growth of the sugar maple 
trees. 
Hemicvcllophora sp. does not seem to play an important role in 
the syndrome of maple decline • 
It is possible that a soil-borne virus transmitted by X. americanum 
is involved in the cause of maple decline. 
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